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NOTES ON THE NOMENCLATURE OF SUGARS 
For disaccharides, the following system is used; 
a-O-b-D-substituent-D-glycose 
a: The numeral indicates the position of the oxygen through 
which the substituent attaches to the glycose unit, 
b: a or p indicates the type of linkage. 
For example: ^-0-a-D-glucopyranosyl-D-glucose is the 
nomenclature for maltose. 
For oligosaccharides larger than a disaccharide and 
containing more than one type of sugar, the following system 
is used: 
V 
a -0-c-D-substituent-remainder of the oligosac­
charide 
a: The numeral indicates the position of the oxygen through 
which the substituent is attached to the remainder of 
the oligosaccharide. 
b: The superscript is a three letter abbreviation of the 
sugar to which the substituent is attached. 
c; a or P indicates the type of linkage by which the 
substituent is attached to the remainder of the mole­
cule. 
For example: 6^^^-0-a-D-galactopyranosylsucrose is the 
nomenclature for raffinose. 
vili 
For isomaltooligosaccharides possessing other types of 
linkages besides a-i,6 linkages, the following system is 
used: 
a^-0-c-D-( substituent) isomaltooligosaccharide 
a: The numeral indicates the position of the oxygen through 
which the substituent attaches to the isomaltooligo­
saccharide. 
b: The superscript is a numeral vdaich identifies the glu­
cose unit to which the substituent is attached. The 
numbering starts with 1 at the reducing end. 
c; a or P indicate the type of linkage between the sub­
stituent and remainder of the molecule. 
For example: 3^-0-a-D-glucopyranosyl isomaltotriose 
is the nomenclature for a tetrasaccharide consisting of a 
glucose unit linked to the C^-OH of the glucose unit at the 
nonreducing end of isomaltotriose. 
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ABSTRACT 
The production of dextransucrase from Leuconostoc 
mes enter oides NRRLB-512 was found to be stimulated 1.5-2 
fold by the addition of 0,00^% (w/v) CaClg to the media. 
Stimulation of levansucrase occurred only at CaClg concen­
trations of 0.5-1/^ (w/v). Calcium appears to stabilize 
dextransucrase from loss of activity during dialysis and 
column chromatography. 
Dextransucrase from a concentrate of the culture super­
natant was shown to be in the form of a high molecular weight 
complex having a molecular weight over 150 million as judged 
by its migration at the void volume of a Bio-Gel A-l50m col­
umn. The complex was shown to be an aggregate of enzyme and 
dextran by the ability of an endo-dextracase to vastly lower 
the molecular weight of the enzyme. Taking advantage of 
this fact, dextransucrase was purified from all contaminat­
ing enzymatic activities by an endo-dextranase treatment 
followed by gel chromatography on Bio-Gel A-5m. Dextran­
sucrase was purified over 200 fold by this method. 
The purified dextransucrase was inhibited by EDTA. 
Only Ca"*"^ ions restored the activity. Cd"*"^, Pb^^, 
Hg"*"^, and Cu^^ ions were all inhibitory to various de­
grees. These data indicate that dextransucrase is a calcium 
métalloenzyme. 
X 
Dextran had no effect on the activity of the purified 
enzyme. However, dextran was found to stabilize the enzyme 
from a loss of activity which occurs during storage. The 
purified dextransucrase stored in the presence or absence of 
dextran was found to be reaggregating by its migration at 
the void volume of a Bio-Gel A-l$m column. 
Dextransucrase was found to be a glycoprotein contain­
ing mainly mannose with small amounts of galactose and glu­
cose. Concanavalin A, a plant lectin from jack beans, pre­
cipitates virtually all of the enzyme activity from solu­
tion. 
The acceptor reaction of dextransucrase was examined in 
llf 1 k 
the absence and presence of sucrose using C-glucose, C-
fructose, and C-reducing end labeled maltose as acceptors. 
The purified dextransucrase was first incubated with sucrose. 
Fructose and unreacted sucrose were removed from the enzyme 
on a Bio-Gel P-6 column. The enzyme migrated at the void 
volume of the column and was referred to as "charged enzyme". 
1L. 
The charged enzyme was then incubated with C-acceptor in 
the presence and absence of sucrose. From each of the re­
actions, it was found that two fractions of labeled products 
were produced, a high molecular weight product consisting of 
dextran and a low molecular product consisting of oligo­
saccharides forming a homologous series with the original 
acceptor. For all the acceptors used, it was found that 
xi 
both fractions of products were exclusively reducing end 
labeled. Similar results were obtained when, the reactions 
were carried out in the presence or absence of sucrose. 
The mechanism by which the acceptor reactions occur in 
both the presence and absence of sucrose is proposed to take 
place through a nucleophilic displacement by the acceptor at 
the reducing end of a glucosyl and dextranosyl covalent en­
zyme complex. The acceptor reactions serve to terminate 
dextran polymerization by displacing the growing dextran 
chain from the enzyme. 
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I. INTRODUCTION 
Dextransucrase (E.G.2.^.1.5) is an extracellular "bac­
terial enzyme elaborated by certain genera of the family 
Lactobacillaceae. including Leuconostoc. Streptococcus and 
Lactobacillus (1). The enzyme catalyzes the biosynthesis of 
dextran from sucrose by the overall reaction depicted in 
Figure 1 (2). Dextran is a name for a class of homopoly-
saccharides consisting mainly of D-glucopyranosyl units 
linked by a-1,6 glucosidic bonds with varying amounts of 
a-1,2, 0-1,3 or a-l,4 branch points (Figure 2). The extent 
of branching and molecular weight of dextran depend on the 
particular organism from which the dextran was obtained (3). 
In general, the molecular weight of native dextrans is on 
the order of several million daltons (40. 
The action of Leuconostoc mesenteroides NRRLB-512 dextran­
sucrase has been studied in our laboratory (5,6). These 
studies led to the finding that dextransucrase polymerizes 
dextran from the reducing end of the growing dextran chain 
and that c oval en t dextranosyl and gluco.iyl enzyme intermedi­
ates are involved in the biosynthesis of dextran (5)» To 
account for the data a mechanism iiAiich proposed the enzyme 
to have two nucleophilic groups at the catalytic site was put 
forth (Figure 3) (5)* Both nucleophilic groups would attack 
sucrose to give two glucosyl enzyme complexes. The C^-OH of 
2 
n Suc »- Glc4GlcfGlc + n Fru 
n-2 
dextran 
OH . HO 
sucrose 
CHg 
HO H OH 
D-Fructose 
Figure 1. The reaction catalyzed by dextransucrase and 
the structures of the substrate, sucrose, and 
the low molecular weight product, fructose 
The structure of dextran is shown in Figure 2. 
Sue = sucrose 
Glc = glucose 
Fru = fructose 
DEXTRAN 
Leuconostoc mesenteroldes 
B-512 Dextran 
95% a-1-^6 linkages 
5% a-l-*3 branch linkages 
Figure 2. The partial structure of Leuconostoc mesenteroldes NRRL B-512 
dextran 
X.» [ 
X»e 
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r-Xi 
LJ 
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^x^O-O-O-O 
fXIp^OiP VJ\ 
% 
'-XîO 
Figure 3. The mechanism for dextran biosynthesis proposed by Robyt et al. (5) 
Xn and X2 represent nucleophilic groups at the active site, O 
represents glucose, 0-4 represents sucrose, and O-O represents 
two glucose units linked by an a-1,6 glucosidic bond. The mechan­
ism pictured is concerted, although it could equally well be con­
secutive. 
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one of the glucosyl complexes then makes a nucleophilic attack 
on of the other glucosyl complex and in so doing, an a-l,6 
linkage would be formed and one of the nucleophilic groups 
freed. This free nucleophilic group then attacks a sucrose 
molecule forming another glucosyl complex. The C^-OH group 
of the new glucosyl complex then makes a nucleophilic attack 
onto of the isomaltosyl enzyme complex, again forming an 
a-1,6 linkage and releasing a nucleophilic group to again 
attack sucrose. This process continues, with the two nucleo­
philic groups alternately forming covalent complexes with 
glucose and a growing dextran chain. Evidence that a-1,3 
branch linkages are formed by a nucleophilic attack of a 
C^-OH of a dextran on of the dextranosyl or glucosyl en­
zyme complex has also been presented and is consistent with 
the above mechanism (Figure (6). 
Since its discovery in 1941 (7), dextransucrase has 
gained importance because dextran and modified dextrans have 
found many industrial and medical uses (4). Relatively low 
molecular weight dextran (75,000 daltons) has been found to 
be a blood plasma substitute (8). Dextran of this low molec­
ular weight is called clinical dextran. It was found that 
clinical dextran could be obtained when dextransucrase was 
incubated with sucrose in the presence of a low molecular 
weight sugar, e.g., glucose, isomaltose, or maltose. The 
synthesis was shifted from dextran of a high molecular weight 
Figure 4. The mechanism for the formation of ot-1,3 branch linkages by 
dextran acceptor reactions with dextranosyl and glucosyl en­
zyme complexes as proposed by Robyt and Taniguchi (6) 
and X2 represent nucleophilic groups at the active site of 
dextransucrase, o represents glucose, 0 represents a 
reducing glucose moiety, 0-0 represents two glucose units 
linked by an a-1.6 glucosidic bond, § represents two glu­
cose units linked by an a-1,3 glucosidic bond. 
8 
9 
to a low molecular weight dextran and large amounts of 
oligosaccharides (9). These oligosaccharides had apparently 
been formed by the transfer of the glucosyl moiety of sucrose 
to the added low molecular weight sugar (9). This transferase 
reaction was termed the acceptor reaction and the low molec­
ular weight sugars added were called alternate glucosyl ac­
ceptors (9). In the present investigation, the low molecular 
weight sugars will be referred to as acceptors. The mechan­
ism by which the acceptor reaction occurs has never 
been fully explained. Recently renewed interest in dextran-
sucrase has arisen from the finding that dextran plays a 
role in the adherence of oral cariogenic streptococci to the 
teeth, where they are allowed to initiate dental caries (10). 
The objectives of the present study were multifaceted. 
The first aims of the investigation were to produce the en­
zyme in optimum amounts, purify it from all contaminating 
enzymatic activities, and to study some properties of the 
purified enzyme such as metal ion requirement, stability, and 
effect of dextran. The second aim was the use of purified 
dextransucrase to study the mechanism of the acceptor reac­
tions. The ultimate goal of the investigation was to provide 
a better understanding of how dextransucrase catalyzes the 
formation of dextran from sucrose and in more general terms 
contribute knowledge about how enzymes carry out their func­
tion. 
10 
To accomplish the above objectives, optimum conditions 
were found for the production of dextransucrase from 
Leuconostoc mesenteroides HRRL B-512, and it was purified 
from all contaminating activities by dextranase treatment and 
gel chromatography. The acceptor reactions were studied by 
examining the labeled products that resulted when dextran­
sucrase was incubated in the presence and absence of sucrose 
ik 
and C-labeled acceptors. A mechanism for the acceptor re­
action will be proposed to account for the data. Unless 
stated otherwise, the dextransucrase referred to is from 
Leuconostoc mesenteroides HRRL B-512. 
11 
II. LITERATURE REVIEW 
A. Production 
The optimum production of dextran from cultures of 
Leuconostoc mesenteroides has received considerable atten­
tion because of the industrial importance of dextran. The 
effects of various nitrogen sources and carbohydrates on 
dextran production from several strains of L. mesenteroides 
was studied by Tarr and Hibbert (11). They found that sucrose 
was the only carbohydrate that stimulated dextran synthesis. 
_Lp  ^
Factors such as Mg and were shown to increase dextran 
yields (12), while Ca^^ was claimed to increase yields (13, 
1^) or have no effect on dextran production (15)» Aeration 
or buffering of the culture also have been shown to have no 
noticeable effect on dextran production (15)- Specific pro­
cedures for the production of dextran from culture have been 
presented in reviews (16, 17). 
Conditions for the optimum production of dextran from 
culture should be very similar to the conditions necessary 
for the maximum production of dextransucrase. Sucrose is 
required for the induction of Leuconostoc dextransucrases 
(l8, 19), and it has been suggested from studies on the 
metabolism of sucrose that it is the D-fructofuranosyl moiety 
of sucrose that triggers dextransucrase production (19). 
Streptococcus dextransucrases are constitutive and do not 
12 
require sucrose in the medium for production (10). The ef­
fect of pH, temperature, sucrose and nutrient concentration 
on the production of dextransucrase from L. mesenteroides 
NRRL B-512 has been extensively studied at the Northern 
Regional Research Laboratory, Peoria, Illinois (20, 21). 
It was found that maximum enzyme production occurred at pH 
6.7. However, the enzyme is fairly unstable at this pH, so 
when maximum production was reached, the culture was im­
mediately adjusted to pH 5* Dextransucrase was also found 
to be unstable at higher temperatures. Twenty-five degrees 
was chosen as the best temperature to reduce losses by de-
naturation and still maintain good production of the enzyme. 
Sucrose at a 10^ concentration in the medium, as used in 
conventional dextran production, stimulated good enzyme pro­
duction, but the resultant culture was too viscous for ef­
ficient removal of cells by centrifugation. A 2% sucrose 
medium was found to produce sufficient amounts of enzyme and 
a culture that was not too hard to handle. Corn steep liquor 
and yeast extract were shown to be suitable nitrogen sources 
(21). Neely (22) has shown that addition of 1 mg/100 ml of 
CaClg to the medium described by Tsuchiya et al. (21) re­
sulted in a 50-100J? stimulation of dextransucrase. Zinc ions 
were also reported to have a similar but lesser effect. 
Jeanes (23) has reviewed the best conditions for the produc­
tion of dextransucrase from several strains of L. 
13 
mesenteroldes. 
A problem arising in the work with dextransucrase has 
been that the organisms responsible for producing the enzyme 
also produce other enzymes which act on sucrose or dextran. 
Levan, a P-2,6 fruetan and levansucrase the enzyme which 
produces levan, have been reported to contaminate dextran 
and dextransucrase preparations from L. mesenteroides (15, 
20, 24-26) and Streptococcus sp. (27-29). Although fructans 
were certainly produced, their structural identities have 
never been conclusively proven to be levans. The fructans 
were probably assumed to be levan because this fructan was 
the only well-known bacterial fructan (30). However, recent 
evidence has shown that some species of Streptococcus do 
indeed possess fructans having a levan type structure (31)j 
whereas others are fructans having an inulin type structure 
consisting mainly of P-2,1 linkages (32, 33). In 1970, 
Carlsson (3^) reported the isolation of a levansucrase from 
S. mutans JC-2. In 1974, Rosell and Birkhea (33) found that 
the fructan from JC-2 was not a levan, but a fructan having 
an inulin structure. The enzyme Carlsson reported was un­
doubtedly an inulinsucrase and not a levansucrase. It should 
be ascertained which type of fructan a particular strain is 
producing before assuming its identity. With the findings 
that other fructans beside levan can be produced, the struc­
tures of fructans reported to be levans in earlier work should 
I k  
probably be rechecked. 
In studying the production of dextran in whole cultures 
of L. mesenteroides. Jeanes et al. (15) noted that maximum 
viscosity of the culture was reached at the point of sucrose 
depletion and then slowly decreased with time. Examination 
of the molecular weights of the dextrans isolated at maximum 
viscosity and at a lower viscosity by light scattering 
showed that during the viscosity decrease there is a decrease 
in the molecular weight of the dextran (35)* Apparently some 
sort of degradation was occurring to convert the high vis­
cosity dextran to a lower viscosity dextran. This may be 
evidence that a dextranase is being produced. Tsuchiya (25) 
has presented evidence that a dextranase is produced by L. 
mesenteroides B-512. Streptococci are also known to produce 
dextranases (36, 37). Certain Streptococci are known to 
produce invertases (38-^0). L. mesenteroides is known to 
produce a sucrose phosphorylase (^1), but no invertase has 
ever been detected. 
B. Purification 
Dextransucrase from various strains was resistant to 
purification in the early years of its study. Part of the 
problem may have been the fractionation procedures available. 
Early purification studies with L. mesenteroides dextran­
sucrase were attempted by fractionation with chloroform (42), 
15 
ammonium sulfate (43), and a combination of ethanol and 
ammonium sulfate (¥f), Ebert and Schenk (45) succeeded in 
preparing the enzyme from L. mesenteroides NRRL B-512 es­
sentially free of dextran through fractionation by methanol, 
ammonium sulfate, adsorption on hydroxylapatite and ultra-
centrifugation. This preparation formed active precipi­
tates which could be solubilized by sucrose or dextran. The 
enzyme displayed a molecular weight of 280,000 daltons by 
ultracentrifugation. Nothing was said about the presence of 
any contaminating activities. Recently, the enzyme from L. 
mesenteroides lAM 1046 has been stated to have been purified 
to homogeneity by ammonium sulfate precipitation, DEAE-
cellulose chromatography and Sephadex G-200 chromatography 
(46, 47). Dextransucrase from L. mesenteroides KRRL B-1299 
has also been subjected to extensive purification by ammonium 
sulfate precipitation, hydroxylapatite chromatography, DEAE-
cellulose and DEAE-Sephadex chromatography (48-50). Dextran­
sucrase from this strain was found to occur both extracel-
lularly and intracellularly (48). The intracellular activity 
was cell wall bound and could be released from the cells by 
lysozyme treatment, which is in contrast to the report of 
Smith (51)• The intracellular enzyme was shown to occur in 
two forms differing in molecular weight (69,000 and 79,000) 
(49). The extracellular enzyme was also found to occur in 
isoenzymic forms (50). The two principal forms of the extra­
16 
cellular activity had molecular weights of ^ 2,000 and approx­
imately 420,000. These were called I and N, respectively. 
Minor forms were found to have molecular weights which were 
multiples of form I, e.g., 83,000, 127,000, 169,000, 212,000. 
Apparently the isozymes are different forms of an aggregate 
of the 42,000 form (I form). I could be converted to N with 
NaCl. SDS treatment converted N back to I (50). The finding 
that L. mesenteroides NRRL B-1299 dextransucrase consists of 
several forms is interesting because the dextran produced by 
this organism has been shown to be complex and heterogenous 
in size distribution, solubility, and types of linkages (52, 
53). 
Streptococci dextransucrase purification is aided by 
the fact that the organism does not have to be grown in the 
presence of sucrose to obtain the enzyme, and preformed 
dextran is not a problem as it is with the Leuconostoc puri­
fications. In general, combinations of ammonium sulfate 
precipitation, hydroxylapatite chromatography, agarose gel 
chromatography, isoelectricfocusing, and DEAE-cellulose 
chromatography have proven useful in the purification of 
Streptococci dextransucrase (28, 29, 40, 54-56). Scales et 
al. (28) could not remove a levansucrase activity from 
dextransucrase of S. mutans FAl. Through every purification 
step the dextransucrase to levansucrase ratio remained fairly 
constant. It was suggested that maybe dextransucrase and 
17 
levansucrase were components of a complex that could not be 
disrupted. The enzyme from S. mutans 6715 has been purified 
(29) and appears to be homogenous by gel electrophoresis and 
have a molecular weight of 9^,000. The dextransucrase from 
8. mutans HS-6 has a molecular weight of 170,000, but still 
contains an invertase activity associated with it (38). 
Carlsson et al. (5^) purified the dextransucrase elaborated 
by S. sanguis 80^. After extensive purification the enzyme 
tended to form active precipitates. Kur&mitsu (55) found 
that dextransucrase from S. mutans GS-5 could be fractionated 
into two fractions on Bio-Gel A-l^m. Fraction A, which mi­
grated at the void volume of A-l^m, synthesized both insol­
uble and soluble dextran, while fraction B, which was re­
tarded on A-l$m, synthesized only soluble dextran. 
A problem that should be kept in mind during the puri­
fication of any dextransucrase, is the question of whether 
or not a separate enzyme is required for the synthesis of 
branch linkages in dextran. The presence of a separate 
branching enzyme gained acceptance when it was found that 
dextransucrase from L. mesenteroides (Birmingham) lost the 
ability to produce a highly branched dextran upon aging (57) 
or when grown on a magnesium deficient culture (58). Bovey 
(59) also claimed the existence of a separate branching en­
zyme when he found by light scattering measurements that the 
molecular weight of dextran increases even after the dextran-
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sucrase had utilized all of the sucrose. No one has ever 
been able to isolate a branching enzyme. However, Suzuki 
and Kobayashi (h7j have isolated a small molecular weight, 
nonprotein factor which stimulates the dextransucrase from 
L. mesenteroides lAM 1046 to produce a dextran with a greater 
degree of branching. This factor has been shown to be cal­
cium (60). The enzyme had lost its ability to produce branch 
linkages during purification (46). Ebert and Brosche (61) 
presented evidence which led to the conclusion that a branch­
ing enzyme was not needed. They proposed that branch link­
ages were produced when dextran acted as an acceptor in the 
reaction. Robyt and Taniguchi (6) expanded on this theory 
to prove that branch linkages were made through transfer re­
actions with dextran and an enzyme-dextranosyl intermediate. 
The problems with the elucidation of the mechanism of 
dextransucrase has been held back in part by lack of pure 
enzyme preparations. Sidebotham (10) has reviewed the puri­
fication of dextransucrase. 
C. Properties 
Neely (1), Hehre (2), Ebert and Schenk (62), Tsuchiya 
(25), and Sidebotham (10) have presented reviews of the prop­
erties of various preparations of dextransucrase. The molec­
ular weights of purified dextransucrases were discussed in 
the previous section. The transglucosylase activity or 
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acceptor reaction property will be discussed in the next 
section. 
Sucrose is the only natural substrate for dextransucrase. 
Search for phosphorylated intermediates have failed (63)• 
•p 
Lactulosucrose (4 -P-galactosylsucrose) (64) and a-D-gluco-
sylfluoride (65) have also been shown to serve as glucosyl 
donors for dextransucrase, neither of which is as good as 
sucrose. 
The dextran produced by L. mesenteroides NRRL B-$l2 
contains 95/^ a-1,6 linkages and a-1,3 branch linkages 
(66). Further, of these branch linkages have been shown 
to consist of a single glucosyl unit (67). The dextrans pro­
duced by Leuconostoc sp. are usually water soluble, while 
those produced by Streptococcus sp. are usually complex, with 
a portion being water-insoluble (10). 
In general, dextransucrase from Leuconostoc sp. have 
optimal activity at pH 5-5.6 and 25-3^°C. values for 
sucrose are normally in the range of IO-3O mM. pH stability 
of the Leuconostoc enzymes are fairly sharp, centering around 
the pH optima (^2-50). Dextransucrase from Streptoccus sp. 
generally have optimal activity at pH 5-8.5 and 35-^5°C. 
values for sucrose are usually in the range of 1-10 mM (28, 
29, 38, 5^-56). 
As stated previously, the Leuconostoc enzyme can only 
be obtained if the organism is grown in a sucrose media. 
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This creates a problem because large amounts of preformed 
dextran accompany the enzyme in crude extracts. The presence 
of this dextran has complicated many studies on the mechanism 
of dextransucrase. Bailey et al. (68) were able to prepare 
a dextran free dextransucrase by culturing L. mesenteroides 
NRRL B-I375 on a media containing 10^ maltose. Unfortunately, 
the enzyme had only a limited capacity to produce dextran. 
Ebert and Schenk (45) prepared dextransucrase from L. 
mesenteroides MRRL B-512 that was virtually dextran free. 
However, the enzyme formed active precipitates. Hehre (69) 
has found that the enzyme from L. mesenteroides is tightly 
bound to dextran by showing that antisera produced against 
dextran precipitated 90^ of the dextransucrase activity. 
Sharp differences have been reported for the various 
dextransucrases and their requirements for metal ions. Neely 
and Hallmark (70) found that EDTA and oxalate inhibited 
+2 
dextransucrase from L. mesenteroides NRRL B-512, and of Ca , 
Zn^^, Mg"*"^ and Cu"^^, only restored enzyme activity. 
EDTA had no effect on the dextransucrase from L. dextranicum 
(71). L. mesenteroides IAM 1046 has been shown to be an 
alkaline earth metalloenzyme (72). EDTA inhibited the enzyme, 
and only alkaline earth metals (Ca^^, Mg"*"^, Sr"*"^, Ba"*"^) could 
+2 
restore activity. Ca was the best with this respect and it 
was suggested that the enzyme existed naturally as a calcium 
metalloenzyme. The extracellular dextransucrase N, the high 
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molecular weight isozyme from 1. mesenteroides NRRL 6-1299, 
was shown to be inhibited by EDTA and activated by Ca"*"^, 
Fe"*"^, and Cu^^. EDTA and metal ions had no effect on form I 
(50). Metal ions may play a role in the formation of N from 
I. EDTA had no effect on the dextransucrase from 8. sanguis 
804 (5^+). 
From pH and photooxidation studies with methylene blue, 
Neely (73, 7^) came to the conclusion that dextransucrase 
from L. mesenteroides NRRL B-512 contained a histidine imida­
zole and a carboxyl group at the catalytic site. Some of his 
pH work (73) suggested the presence of a levansucrase con­
tamination in the dextransucrase preparation, although it was 
interpreted as changing the substrate binding site at high 
pH. Neely (75) also found that sucrose concentrations above 
200 mM inhibited the enzyme. 
A curious property of dextransucrase is the production 
of small amounts of glucose of sucrose) during the 
action of the enzyme with sucrose. One explanation for the 
glucose production could be the presence of contaminating 
activities such as dextranase, invertase, or levansucrase. 
Forsythe and Webley (76) proposed that the glucose was a 
product of dextransucrase itself, and it was produced by 
hydrolysis of a glucosyl enzyme intermediate with water. 
Goodman et al. (77) using ^^C-labeled sucrose came to the 
same conclusion. Tsuchiya (25) suggested that perhaps 
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dextransucrase displayed slight levansucrase (transfructosy-
lation) activity to account for the small amount of glucose 
produced. His suggestion was precipitated by failure to 
remove the glucose production and fruetan synthesizing capa­
bilities from dextransucrase. 
D. Acceptor Reaction Mechanism 
Tsuchiya et al. (78) first discovered that low molecu­
lar weight sugars added to dextransucrase-sucrose mixtures, 
lowered the molecular weight of the dextran produced. The 
low molecular weight sugars were called glucosyl acceptors 
and at first were thought to affect the molecular weight of 
dextran by either initiating the synthesis of new dextran 
chains or causing the termination of chain polymerization 
(78). In a more comprehensive study, Koepsell et al. (9) 
found that the glucosyl acceptors not only shifted the course 
of the reaction from a high molecular weight dextran to a 
low molecular weight dextran, but also caused the formation 
of large amounts of oligosaccharides. It was because of the 
synthesis of oligosaccharides that it was assumed that the 
glucosyl acceptors acted in competition with a native ac­
ceptor to initiate new chain formation (9) • In simpler terms 
it was thought that dextransucrase required a primer (native 
acceptor) to vrtiich glucosyl units from sucrose were added to 
the nonreducing end of the primer, and that glucosyl acceptors 
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such as isomaltose or maltose, competed with the primer to 
initiate many new dextran chains. Cori and Cori (79) had 
shown such a mechanism to be in operation for glycogen syn­
thesis from glucose-1-phosphate in muscle. The native ac­
ceptor (primer) was assumed to be dextran, but a thorough 
study failed to prove this and kinetic evidence pointed to 
sucrose as the natural acceptor as well as the glucose donor 
(80). The suggestion that sucrose was the natural acceptor 
gained momentum when low molecular dextrans containing a 
sucrose type linkage at the reducing end were isolated (80, 
81). 
The general idea that dextransucrase propagated dextran 
chains by adding glucosyl units from sucrose to the nonre-
ducing end of a primer, received support from Hehre (82) and 
Walker (83). Based on work with amylosucrase, an enzyme 
which makes a glycogen-like polysaccharide from sucrose, 
Hehre (82) generalized that all carbohydrases that samthe-
size polysaccharides act by adding glycosyl units to the non-
reducing end of the growing chain. This view came about from 
experiments utilizing a pulse of ^^C-sucrose, followed by p-
amylase degradation of the resultant polysaccharide which 
showed that 75/^ of the label was near the nonreducing end. 
From an analysis of the data and procedures used, however, it 
cannot be unequivocally stated in which direction the amylo-
dextrin chain is growing, and further nothing can be stated 
2k 
about the direction of action of the completely different 
enzyme, dextransucrase. Walker (83) concluded that dextran-
sucrase synthesized dextran by the addition of glucosyl units 
to the nonreducing end of a growing chain, when she found 
that nonreducing end labeled isomaltodextrins were products 
ik 
of dextransucrase action with a C-sucrose-isomaltose mix­
ture. Ebert and Schenk (62, 84) and Robyt et al. (5) have 
proposed and presented evidence that dextransucrase poly­
merizes dextran by addition of glucosyl units to the reducing 
end of the growing chain by an insertion mechanism which in­
volves glucosyl and dextranosyl enzyme intermediates. Ac­
ceptors have also been proposed to act as chain terminators 
and not chain initiators (primers) on the basis of kinetic 
evidence and the use of radioactive labeled acceptors (62, 
840. Salmonella 0-antigen synthesis (85) and peptidoglycan 
synthesis (86) have been reported to be synthesized by addi­
tion of new units to the reducing end of the growing chain. 
Since addition of acceptors to dextransucrase-sucrose 
mixtures provides what appears to be a convenient method for 
the production of low molecular weight (clinical) dextran, 
a large amount of work has been done with various acceptors. 
It has been noted that some acceptors increase the reaction 
rate (measured as fructose release) and greatly lower the 
yield of high molecular weight dextran, while other acceptors 
have no effect or a slight negative effect on the reaction 
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rate, and only a slight effect on the yield of high molecular 
weight dextran (9). These were classified as strong or weak 
acceptors respectively (9)» Strong acceptors included 
isomaltose, maltose, a-methyl-D-glucoside (9), theanderose 
(87), and low molecular weight dextran (88-90). Weak ac­
ceptors include fructose, leucrose, galactose, melibiose (9), 
and almost all other sugars tried. Glucose (9) and 3-0-
methylglucose (91) are intermediate in strength as acceptors. 
Strong acceptors cause the formation of large amounts of 
oligosaccharides as products, while weak acceptors result in 
the formation of much smaller amounts of oligosaccharides. 
Dextransucrase from all strains of Leuconostoc and Strepto­
cocci have been found to have the ability to carry out the 
acceptor reactions. 
Table 1 is a compilation of the various acceptors and 
the structures of the oligosaccharides obtained as products 
of the acceptor reactions. Mannose, cellobiose, lactose, 
sorbitol, and glycerol were reported to be inert as acceptors 
(9), but all have been shown to be weak acceptors in later 
work. From examination of the oligosaccharide products ob­
tained in the acceptor reaction with various acceptors, one 
should be able to propose structural requirements needed for 
a sugar to act as a good acceptor. The most effective ac­
ceptors appear to be sugars containing one or more a-D-
glucopyranosyl residue (9). From work on cellobiose as an 
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acceptor, it becomes apparent that dextransucrase does not 
transfer glucosyl units to the C^-hydroxyl of p-D-gluco-
pyranosyl residues, but instead transfers to a Cg-hydroxyl of 
the reducing glucose residue (92-95)• The same thing happens 
when lactose (92, 95? 96) and raffinose (97) are used as ac­
ceptors. This might e^lain why a-methyl-D-glucoside is a 
more efficient acceptor than glucose which is a mixture of 
a and anomers (57, 62). Exceptions were gentiobiose and 
fi ,(i-trehalose, which were found to be acceptors, with the 
glucosyl unit being transferred to a C^-hydroxyl of a §-D-
glucopyranosyl residue (93). Thus, the conformation of the 
acceptor may be more important than the type of linkage it 
contains. Neely (1) points out that the Cg-hydroxyl of the 
glucose residue of lactose is in a very similar conformation 
to the Cg-hydroxyl of the nonreducing glucose residue of 
maltose based upon space fitting models. Bourne et al. (98) 
suggested that pyranoid sugars in which a minimum of two 
hydrogen atoms and one oxygen atom cis-related at C^, C^, 
and may act as acceptors. This theory does not hold for 
acceptors such as fructofuranose (99, 100), sorbitol (84j, 
glycerol (84), and riboflavin (101). All acceptors which 
do not contain a glucose unit with the exception of fructose, 
give nonreducing oligosaccharides as products, for example, 
lactulose (102), galactose (103, 104), mannose (104) and 
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riboflavin (101). It is now fairly clear that not much can 
be said about the absolute structural requirements that an 
acceptor must possess until more is known about the mechan­
ism and structure of dextransucrase. Neely (1) and Sidebotham 
(10) have reviewed the acceptor specificity of the acceptor 
reaction. 
Table 1. Summary of acceptors and acceptor reaction products. 
ACCEPTOR PRODUCT(S) REFERENCE(S) 
o-methyl-D-glucoside a-methyl-D-isomaltodextrins 9, 105, 106 
cellobiose 
(4-0-B-D-glucopyranosyl-D-glucose) 2-0-o-4-0-B-D-diglucopyranosyl-D-glucose 92-94 
fructose leucrose and isomaltulose 9,99,100,107,108 
galactose a-D-glucopyranosyl-3-D-galactofuranoside 103, 104 
gentloblose 
(6-0-B-D-glucopyranosyl-D-glucose) 6-0-B-D-isomaltosyl-D-glucose 93 
glucose isomaltodextrins 9, 87, 109 
glycerol N.D.a 84 
isomaltose 
(6-0-a-D-glucopyranosyl-D-glucose) isomaltodextrins 9, 87, 93 
Isomaltulose 
(6-0-a-D-glucopyranosyl-D-fructose) 6-0-a-D-isomaltosyl-D-fructose 100 
kojibiose 
(2-0-a-D-glucopyranosyl-D-glucose) 2-0-a-D-isomaltosyl-D-glucose 93 
lactose 
(4-0-g-D-galactopyranosyl-D-glucose) 2Glc_o-a-D-glucopyranosyl-D-lactose 92, 95, 96 
lactulose 
(4-0-g-D-galactopyranosyl-D-fructose) 
lactulosucrose 
(4Glc-o-3-D-galactopyranosylsucro8e) 102 
laminaribiose 
(3-0-B-D-glucopyranosyl-D-glucose) 3-0-3-D-isomaltosyl-D-glucose 93 
leucrose 
(5-0-a-D-glucopyranosyl-D-fructose) 5-O-a-D-isomaltosyl-D-fructose 9, 100 
maltose 
(A-O-a-D-glucopyranosyl-D-glucose) 
Panose (4-0-a-D-i8omaltosyl-D-glucose) 
and 4-0-a-D-isomaltodextrinyl-D-glucoses^  9,87,88,93,109-10 
mannose a-D-glucopyranosyl-p-D-mannopyranoside 104 
mellbiose 
(6-0-a-D-galactopyranosyl-D-glucose) N.D.a 9, 97 
3-0-methylglucose 
6-0-a-D-isomaltodextrinyl-
S-O-methylglucoses 91 
nlgerose 
(3-0-a-D-glucopyranosyl-D-glucose) 3-0-a-D-isomaltosyl-D-glucose 93 
raffInose 
(^ Glc-o-a-D-galactopyranosylsucrose) 2Glc_o-a-D-glucopyrano8ylraffinose 97 
riboflavin 5'-D-riboflavin-a-D-glucopyranoside 101 
sorbitol N.D.a 84 
sophorose 
2-0-6-D-Rlucopyranosyl-D-glucose) 2-0-B-D-isomaltosyl-D-glucose 93 
sucrose 
(a-D-glucopyranosyl-p-D-fructofuranoside) 
Theanderose and 
ô^ ^^ -O-a-D-isomaltodextrinylsucroses^  vO
 00
 
00
 
o
 
1 
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theanderose 
(6Glc_o_a-D-glucopyranosylsucrose) 6Glc_0_a-D-i8oinaltodextrinyl8ucroses 87, 111 
a,a-trehalose 
(a-D-glucopyranosyl-a-D-glucopyranoside) Inerte 93 
a,3-trehalose 
g-D-isomaltosyl-a-D-glucopyranoside and 
a-D-lsomaltosyl-p-D-glucopyranoslde 93 
0,0-trehalose 0-D-isomaltosyl-3-D-glycopyranoside 93 
S^tructure not determined. 
S^tructures were proposed and not proven. 
C^ompound is not reactive as an acceptor. 
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III. MATERIALS AND METHODS 
A. Materials 
1. Organisms 
Leuconostoc mesenteroides NRRL B-512 was obtained from 
the Northern Regional Research Laboratory, Peoria, Illinois. 
Arthrobacter globiformis T6 (112) was a gift from Dr. 
T. Sawai, Aichi Kyoiku University, Japan. 
2. Enzymes 
Gg-dextranase (isomaltodextranase) from A. globiformis 
T6 was prepared by the method of Sawai et al. (113). Gg-
dextranase degrades dextran in an exolytic fashion, releas­
ing isomaltose from the nonreducing ends of dextran chains 
(113, 11^). 
Endo-dextranases (a-l,6-glucan 6-glucanhydrolase, 
E.G.3.2.1.11) from Pénicillium funiculosum (115? 116) were 
obtained from Sigma Chemical Co., St. Louis, MO., and 
Ferment AG, Basle, Switzerland. The Sigma dextranase and 
Ferment AG dextranase (dextranase S) have identical action 
patterns on dextran. Dextranase S contains proteolytic ac­
tivity and is also known to contain both exo and endo œ-1,3 
glucanase activities (117). The Sigma dextranase contains 
no proteolytic activity and appears to be a highly purified 
form of dextranase S. 
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An undefined dextranase was purchased from ICN Pharma­
ceutical Inc., Cleveland, Ohio. This dextranase has a dif­
ferent action pattern on dextran than the P. funiculosum 
dextranases, and also contained proteolytic activity. 
1. Polysacchar id es 
Commercial dextrans with various molecular weights were 
purchased from Sigma Chemical Co., St. Louis, MO. 
NRRL B-1299 dextran was obtained from the culture super­
natant of L. mesenteroides NRRL B-1299 by Dr. J. F. Robyt, 
Iowa State University. 
Levans from Aerobacter aeroeenes and Bacillus subtilis 
were gifts from Mr. J. Zikopoulos, Iowa State University, 
and Dr. D. French, Iowa State University, respectively. 
Both levans were purified in our laboratory by Mrs. A. 
Corrigan by pronase treatment and extensive dialysis against 
distilled water. 
Inulin was purchased from Matheson, Coleman, and Bell, 
Norwood, OH. 
B-512 dextran was prepared in our laboratory using the 
purified dextransucrase from L. mesenteroides NKRL B-512 
described in the Experimental section. Two units of enzyme 
were allowed to react with 2 g of sucrose in 20 ml of 20 mM 
sodium glycerophosphate, pH 7. After ^0 hours, the product 
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was extensively dialyzed against distilled water and 
lyophilized. 
4. Radioactive sugars 
^^C-(U)-sucrose, ^ ^C-sucrose-[(U)-glucose], ^^C-sucrose-
[(U)-fructose], ^ ^C-(U)-glucose, and ^^C-(U)-fructose were 
purchased from New England Nuclear, Boston, MA. 
^^C-(U)-REL-maltose prepared by the action of Bacillus 
ik 
macerans transglycosylase on C-glucose and cyclomalto-
hexaose, was a gift from Dr. S. Kikumoto, Iowa State Uni­
versity. 
5'. Chromatographic standards 
Isomaltodextrins were prepared by subjecting dextran to 
partial acid hydrolysis as described in the Methods section. 
Kojibiose was prepared by the acetolysis of B-1299 
dextran as described by Duke et al. (118). 
Leucrose was a gift from Dr. A. Jeanes, Northern Regional 
Research Laboratory, Peoria, IL. 
Maltose possessing a high degree of purity, was a gift 
from Dr. Dexter French, Iowa State .University. 
Nigerose was a gift from Dr. J. Nordin. University of 
Massachusetts, Amherst, MA. 
Panose was a gift from Dr. D. French, Iowa State Uni­
versity. 
Pure individual isomaltodextrins (DPg-DP^) were prepared 
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by preparative paper chromatography of a partial acid 
hydrolysate of dextran as described in the Methods section. 
6. Chromatographic supplies 
Bio-Gel P, HT, and A series products were purchased 
from Bio-Rad Laboratories, Richmond, CA. 
DEAE-cellulose, CM-cellulose, and P-cellulose were pur­
chased from Sigma Chemical Co., St. Louis, MO. 
ECTEOLA-cellulose, PAB-cellulose, and AE-cellulose from 
Sigma Chemical Co., were gifts from Dr. P. Hartman, Iowa 
State University. 
Amberlite MB-3 resin was purchased from Malinckrodt 
Chemical Co., St. Louis, MO. 
ConA-Sepharose was purchased from Pharmacia Fine Chemi­
cals, Uppsala, Sweden. 
7. Cheminais 
Unless otherwise stated, all chemicals used in this 
investigation were reagent grade. 
8. Miscellaneous 
A Bio-Fiber 80 miniplant, a Bio-Fiber 80 beaker, a 
vacuum/pressure regulator, and a pump module were purchased 
from Bio-Rad Laboratories, Richmond, CA. 
Concanavalin A was purchased from Sigma Chemical Co., 
St. Louis, MO. 
No Screen Medical X-Ray Film was purchased from Eastman 
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Kodak Co., Rochester, NY. Cellulose tubing for dialysis was 
purchased from Fisher Scientific Co., Chicago, IL. 
B. Methods 
1. Culturing of L. mesenteroldes NRRL B-512 
L. mesenteroides NRRL B-512 was grown on the medium used 
by Tsuchiya et al. (21) and Hehre (2) with slight modifica­
tions. The medium contained 2% sucrose, 0,% yeast extract, 
0.55^ bactopeptone, 2% KgSPOi^, 0.02# MgSO^^'YHgO, 0.001# NaCl, 
0.001# MnSoi^'Sg^)) 0.001# FeSO^/THgO (all concentrations 
are # (w/v)). The sucrose, yeast extract, and bactopeptone 
were autoclaved separately from the The other salts 
were added by passing a solution of the salts through a 
sterilized filter. The organism was subcultured on this 
medium using 10# inocula at each transfer. The cultures were 
incubated at 25°C on a rotary shaker for 12 hours. Succes­
sive transfers were made into larger volumes until the volume 
of the culture reached one liter. The one liter of culture 
was used to inoculate 10 liters of fresh medium in a New 
Brunswick fermentor. The fermentor was kept at 25°C with 
an agitation of 150 rpm and aeration at a flow rate of 0.5 
liter per 10 liter of culture per minute. Studies on the 
optimum conditions for the production of dextransucrase from 
culture and the effect of other agents added to the culture 
35 
medium are described in the Experimental section. 
The cultures were centrifuged using a continuous flow 
Sharpies centrifuge to remove the cells from the broth. The 
culture supernatant was used as the source of dextransucrase. 
2. Determination of radioactivity 
Determination of radioactivity was performed by liquid 
scintillation counting in a Packard Tri-Garb or Beckman 
liquid scintillation spectrometer. Samples to be counted 
were dried on pieces of Whatman 3MM paper (e.g., 1.5x1.5 
cm) and counted in 10 ml of a toluene cocktail (119)• 
1. Radioautography 
iL 
Radioautography was used for the detection of C-
labeled carbohydrates on paper chromatograms. Kodak no-
screen medical X-ray film was placed over the chromatogram 
and kept in contact with the chromatogram for 5-10 days in 
a light tight cassette. Quantitation of the radioactivity 
on the paper was done by cutting out the areas on the paper 
corresponding to areas darkened on the film and counting of 
the paper by the method described above. 
4. Paper chromatography 
Whatman 3MM paper was generally used for analytical 
paper chromatography. Whatman 17 paper was used for prepara­
tive chromatography of unlabeled sugars. Whatman 3MM was 
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1L. 
used for preparative chromatography of C-labeled carbo­
hydrates. Whatman 1 paper was used for analytical chroma­
tography of partial acid hydrolysates of levan and inulin. 
The solvent systems commonly used were: 
A; (ethylacetate-pyridine-water, 10:4:3, v/v) 
B: (1-butanol-pyridine-water, 6:4:3, v/v) 
C: (nitromethane-acetic acid-absolute ethanol-boric 
acid saturated water, 8:1:1:1, v/v) (120) 
D: (propanol-ethylacetate-water, 6:1:3, v/v) (121). 
Solvent systems A, C and D were performed in a descending 
manner at 40°C for 18 hours on a paper 56 cm long. Solvent 
B was used in an ascending manner at 65°C (122). Solvent 
systems A and B were used for the separation of individual 
monosaccharides and oligosaccharides. Solvent C was used 
for the separation of monosaccharides from their respective 
alditols (120). Solvent D was used for the separation of 
partial acid hydrolysates of levan and inulin (121). 
Carbohydrate on the chromatograms irrigated in systems A and 
B were detected by the alkaline AgNO^ dip method (123). 
Carbohydrate on chromatograms irrigated in solvent C was 
detected by the alkaline AgNO^ method, modified by the sub­
stitution of 0.5 M sodium hydroxide in 80^ ethanol containing 
pentaerythritol for the methanolic sodium hydroxide solu­
tion (124). This modification facilitates the detection of 
carbohydrate on the paper in the presence of borate. 
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Preparative chromatography of unlabeled carbohydrates 
was carried out by spotting the sample along the origin of 
a paper chromatogram. For a 23 x 56 cm paper to be run in a 
descending system, 2 cm guide strips were marked on both 
sides of the paper. After irrigation of the chrom&togram, 
the guide strips were cut out and developed by the alkaline 
AgNO^ method to locate the positions of sugars on the 
chromatogram. Areas corresponding to each sugar were cut 
out and eluted from the paper with distilled water. The 
resulting eluate (5-10 ml) was filtered through Whatman 1 
paper and lyophilized or concentrated by evaporation under 
reduced pressure. 
Preparative chromatography of C-labeled sugars was 
carried out in a similar manner, except the areas on the 
chromatogram corresponding to labeled material were detected 
by radi©autography instead of using guide strips. 
lli. 
For the determination of the distribution of C-
labeled products in a small sample quantitatively, an aliquot 
of the sample was spotted on a 2 x 56 cm strip of Whatman 3MM 
paper and irrigated in a descending system. After chroma­
tography, the strip was sectioned into equal 1.5 cm pieces 
from the origin to the end of the paper. Each piece was 
counted as described above. 
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5. Paper electrophoresis 
High voltage paper electrophoresis of carbohydrates was 
carried out on Whatman 3MM paper with a Gilson Model D High 
Voltage Electrophoresis Apparatus. The electrophoresis was 
carried out in 0.1 M sodium borate, pH 10, for 2 hours at 
2000 V and 75 ma (92). 
6. Total protein analysis 
Protein was determined by the Biuret-Phenol method (125)• 
Bovine serum albumin was used as a standard. Protein eluting 
from columns was qualitatively determined by reading the 
absorbance at 280 nm in a Beckman Acta CXI spectrophotometer. 
7. Total carbohydrate analysis 
Total carbohydrate was determined by the orcinol-
sulfuric acid procedure adapted for use with the Technicon 
AutoAnalyzer (126, 127). The standards used depended on 
the nature of the sample being determined. 
8. Reducing value determinations 
Reducing values of carbohydrates were determined by the 
alkaline ferricyanide method adapted for use on the Technicon 
AutoAnalyzer (128). The standards used depended on the 
sample being determined. 
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9. Enzyme assays 
Dextransucrase was assayed by a radiochemical method 
which was similar to the assay described by Germaine et al. 
(129)• A typical dextransucrase assay involved the incuba­
tion of 30 p.1 of appropriately diluted enzyme with 30 P-l of 
0.3 M ^ ^C-sucrose-[(U)-glucose]. Ten jil aliquots were with­
drawn with time and spotted on 1.5x1.5 cm squares marked on 
the origin of a Whatman 3MM paper chromatogram and immediately 
blown dry with a heat gun to stop the reaction. The chroma-
togram was then irrigated in solvent system A to remove low 
molecular weight material from the origin of the chromato-
gram. After drying the paper, the 1.5x1.5 cm pieces at the 
origin were cut out and subjected to counting by the liquid 
scintillation method described earlier. An alternative 
method which involved spotting aliquots from the reaction 
mixture on 1.5x1.5 cm pieces of paper and immediately 
dropping the papers in absolute methanol to stop the reac­
tion and also to remove unreacted sucrose and fructose from 
the papers was also used (129). Three 15 minute methanol 
washes were found to be sufficient to remove virtually all 
of the low molecular material from the paper. The methanol 
insoluble material (dextran) remains on the papers, which 
are counted as before. Both assays gave similar results. 
The assays are a iirect measure of polysaccharide produced 
or fructose released, since these two are stoichiometric 
4-0 
according to the reaction. The assays were found to be 
linear for 30 minutes. Good results were obtained with 
n li 
C-sucrose solutions having a specific activity of 20,000-
40,000 cpm/mg. The enzyme solutions and ^^C-sucrose solu­
tions were buffered at pH 5 in 20 mM sodium acetate and 1.5 
mM CaClg. Activity is expressed in terms of jxmoles of 
fructose released per minute per ml or |xmole of anhydroglucose 
polymerized per minute per ml. One unit of dextransucrase 
is defined as the amount of enzyme which will produce 1 
iimole of fructose in 1 minute. All assays were done at 25°C. 
The assay was found to be proportional to enzyme concen­
tration. 
A quick assay for the measurement of dextransucrase 
activity in column effluents was used which involved incu-
ik 
bating 10 p.1 of a fraction with 10 jil of O.3 M C-sucrose-
[(U)-glucose] under the conditions described above. After 
15-30 minutes, a 15 p-l aliquot was withdrawn and spotted on 
a 1.5x1.5 cm piece of Whatman 3MM paper. The paper was then 
subjected to the methanol wash procedure described above and 
finally counted. 
Levansucrase was assayed as described for dextran­
sucrase except 0.3 M ^^C-sucrose-[(U)-fructose] was used, 
as the substrate. 
Dextranases were assayed by determining the reducing 
sugars released upon incubation with dextran. The reducing 
Ifl 
values were measured by the alkaline ferricyanide method on 
the Technicon AutoAnalyzer (128). Typically, 2.5 nil of an 
appropriately diluted dextranase in 20 mM sodium acetate, 
pH 5 was added to 2.5 ml of NaBH^^ reduced 2.5^ dextran (aver­
age molecular weight was 17,700) in 20 mM sodium acetate, pH 
5. The reaction mixture was continually sampled by the 
AutoAnalyzer. All assays were done at 25°C. Maltose 
standards were used and dextranase activity was expressed 
as iimoles of isomaltose (maltose) released per minute per 
ml. All dextranses were assayed by this method. 
Protease activity in dextransucrase and dextranase 
preparations was qualitatively assayed by a radial diffusion 
assay on an agar plate. The assay is based on the diffusion 
of the protease into an agar dispersion of a buffered sub­
strate. To prepare the plates, 0.5 ml of 10 mg/ml casein in 
10 mM NaOH is added to 9.5 ml of agar suspended in 20 mM 
sodium acetate, pH 5 and poured into a petri dish. After 
sterilizing the dish and allowing the agar to solidify, the 
enzyme solutions to be tested for proteolytic activity were 
allowed to diffuse into 0.5 cm diameter Whatman 17 paper 
discs. The discs were then placed on the surface of the 
plate and were allowed to react in a humid chamber at 25°C 
for 20 hours. The plates were stained for protein with O.Qh% 
Coomassie Brilliant Blue G250 in 2,.5% perchloric acid (I30). 
Clear zones around the discs on a brown background is indica-
k-2 
tive of protease activity. Placing the enzyme solutions 
(50 jil) into 0.5 cm diameter wells cut into the agar was 
an alternative procedure which gave similar results. 
10. Concentration of dextransucrase solutions 
A Bio-Fiber 80 miniplant was used for large scale con­
centrations of dextransucrase, especially from the culture 
supernatant. The enzyme solution was continually pumped 
through the miniplant fibers at a flow rate of 150 ml/min, 
while a vacuum of 50 cm Hg was applied to the outside of the 
fibers. When the concentration (ultrafiltration) was com­
plete, the chamber outside the fibers was filled with 20 mM 
sodium acetate, 3 mM CaClg, pH 5 and with the pumping stopped, 
a 0.8 atm pressure was applied to the outside of the fiber 
bundle. The pressure forces the buffer from outside of the 
fiber to the inside, thus freeing any enzyme trapped within 
the fiber pores. The buffer was collected in a flask at­
tached to the fibers. This backwash procedure was maintained 
until two fiber volumes (200 ml) had been collected. Yields 
ranging from 80-100# were generally obtained with the Bio-
Fiber 80 devices. 
A Bio-Fiber 80 beaker was used for small scale concen­
trations of dextransucrase using the same procedure used for 
the miniplant except the enzyme was pumped through the fibers 
at a flow rate of 4 ml/min and the backwash was maintained 
^3 
until about 15 ml had been collected. The Bio-Fiber 80 
devices have a molecular weight cut off of 30,000» 
Amicon ultrafiltration cells, Models 12 and 52, were 
used for the concentration of dextransucrase solutions to 
very small volumes (15 ml or less). UM-10 and PM-10 mem­
branes were used with an operating pressure of 20 psi (Ng). 
Yields were generally around 75#. 
11. Concentration of carbohydrate solutions 
Concentration of solutions of carbohydrates was ac­
complished by evaporation under reduced pressure at 40°C on 
a Buchler Instruments rotary evaporator or by lyophiliza-
tion. Generally, oligosaccharides and monosaccharides were 
concentrated by evaporation under reduced pressure while 
polysaccharides were lyophilized. 
ILl 1 ii. 
12. NaBHj^ reduction of C-oligosaccharides and C-
polysaccharid es 
ill. 
C-oligosaccharides obtained as products in the ac­
ceptor reactions were reduced with NaBH^^ by the following 
method. NàBH^ was added to 0.5 ml of an aqueous solution 
containing a ^^C-oligosaccharide (2-10 jxg of carbohydrate 
and 10,000-^0,000 cpm) to make the solution 5-15 mg/ml in 
NaBHi^. The reaction was allowed to proceed for 12-20 hours 
at 25°C. The excess NaBHj^^ was destroyed by adding an 
equivalent amount of glacial acetic acid to the reaction 
Mf 
mixture. Borate was removed from the samples by ion exchange 
chromatography on 0.5x5 cm columns of Amberlite MB-3 or by 
repeated evaporation of the sample under reduced pressure in 
a solution of trifluoroacetic acid in methanol. Presence 
of borate was monitored by a spot test using circuma paper 
(131). When the borate had been completely removed, the 
samples were made ready for complete acid hydrolysis by 
evaporation under reduced pressure. 
-polysaccharide (dextran) obtained as a product in 
the acceptor reactions was reduced with NaBHj^ by the follow­
ing method. NaBHi^ was added to 1-2 ml of an aqueous solution 
containing -polysaccharide (5-20 mg/ml dextran, 1000-5000 
cpm) to make the solution 3O-6O mg/ml in NaBHi^. The reaction 
was allowed to proceed for 2h hours at 25°C and an additional 
30 minutes at 95°C. The excess NaBHi^ was destroyed by adding 
glacial acetic acid to the reaction mixture in an ice bath. 
The resulting borates were removed by extensive dialysis 
against distilled water. The reduced product was made ready 
for complete acid hydrolysis by lyophilisation or evaporation 
under reduced pressure. 
11. Complete acid hydrolysis of polysaccharides and 
oligosaccharides 
Dextran was completely hydrolyzed to glucose by subject­
ing a solution of dextran (1-10 mg/m]) in 1 N trifluoroacetic 
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acid to 121°C for 75 minutes in a sealed glass ampule. The 
trifluoroacetic acid (TFA) was removed by evaporation under 
reduced pressure. TFA is a volatile acid (B.P. 72°C) and 
every hydrolysis containing TFA must be done in a sealed 
tube. 
Levan and inulin were completely hydrolyzed by treating 
solutions of the polysaccharides (5-10 mg/ml) in 0.01 M 
at 70°C for 90 minutes. The samples were neutralized 
with UaOH and deionized by passing the samples over 0.5 x 5 
cm columns of Amberlite MB-3 resin eluted with water. The 
resulting solutions were concentrated as described above. 
Oligosaccharides were completely hydrolyzed by the same 
procedure described for dextran. 
14-. Partial acid hydrolysis of polysaccharides and 
oligosaccharides 
Dextran was partially hydrolyzed to a series of homol­
ogous isomaltodextrins by subjecting a solution of dextran 
(1-10 mg/ml) in 0.08 N TFA to 121°C for 30-60 minutes in a 
sealed glass tube. 
Levan and inulin were partially hydrolyzed to a series 
of homologous oligosaccharides by treating solutions of the 
polysaccharides (1-10 mg/ml) in 0.01 M HgSO^ at 70°C for 15 
minutes. The samples were neutralized and deionized as de­
scribed under the conditions for the complete hydrolysis of 
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levan and inulin. 
Oligosaccharides were partially hydrolyzed by treating 
solutions of the oligosaccharides (0.1-2 mg/ml) in 0.4 N TFA 
at 121°C for 5 minutes in a sealed glass ampule. 
15, Agar eel double diffusion precipitin test 
Levan and inulin can be distinguished from each other by 
their interaction with concanavalin A (ConA), a plant lectin 
from jack bean (132). Levan reacts with ConA, while inulin 
and B-512 dextran do not. In attempts to identify the fructan 
produced by L. mesenteroides NRRL B-512, the method for the 
agar gel double diffusion precipitin test described by Gold­
stein and So (132) was employed with slight modification. 
The plates were prepared by pouring 25 ml of Vfo agar in 0.1 
M sodium phosphate, 0.85# NaCl, pH 7.2 into a petri dish and 
allowing the agar to harden. Using a No. 3 cork borer, 0.5 
cm diameter wells were cut into the agar. The wells were 
about 0.5 cm deep and held about 80 p,l. The wells were ar­
ranged around a center well so that the outer wells were 0.5 
cm from the center well and 0.5 cm from the nearest outer 
well. The agar gel double diffusion test was performed by 
placing a solution of ConA into the center well. ConA was 
used in concentrations of 5, 10, and 25 mg/ml, and was buf­
fered in 10 mM sodium acetate, 2inM CaClg, half-saturated NaCl, 
pH 5«3« The outer wells were filled with 5-50 mg/ml solu­
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tions of standard levans, inulins, B-512 fructan, and B-$l2 
dextran. The plates were incubated at 25°C in a humid cham­
ber for 24-48 hours. A white band in the agar between an 
outer well and the center well is indicative of an inter­
action between ConA and the polysaccharide in that outer 
well. 
16. Preparation of gel and ion-exchange chromatography 
materials 
Gel chromatography supplies, most notably the Bio-Gel 
P and Bio-Gel A series were prepared for use as prescribed 
by the manufacturer. 
Ion-exchange resins such as DEAE-cellulose, CM-cel-
lulose, AE-cellulose, ECTEOLA-cellulose, P-cellulose, and 
PAB-cellulose were prepared by the method of Peterson (133)• 
17. Detection of contaminating enzymatic activities 
The presence of contaminating enzymatic activities in 
dextransucrase preparations presents certain problems, es­
pecially in the interpretation of results of experiments in 
which a contaminating activity may have a profound affect. 
A method was developed which enabled the easy qualitative 
detection of various activities in dextransucrase prepara­
tions. The general procedure involved incubating 10 p,l of 
enzyme (dextransucrase at various stages of purification) 
with 10 [il of an alternate substrate at 25°C. The enzyme 
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solutions being tested were adjusted so they contained the 
same amount of dextransucrase activity. After 2h hours, a 
15 p-l aliquot was subjected to paper chromatography in solvent 
system A. Examination of the products formed revealed the 
presence or absence of the various contaminating activities. 
The substrates used and the products expected from contam­
inants acting on that substrate are listed below. 
Raffinose (O.3 M buffered in 20 mM sodium acetate, pH 
5)« Presence of a large amount of melibiose, wiOi little 
or no production of fructose, and polysaccharide formation 
is indicative of a levansucrase. Levansucrase is known to 
use raffinose as a substrate (30). Presence of other sugars 
as products such as galactose, fructose, and glucose is 
indicative of possible glycosidases, invertase, and 
levanase. 
Suc^^se (0.3 M in 100 mM potassium phosphate, pH 7). 
Presence of a large amount of fructose and glucose-1-phos­
phate indicates the presence of a sucrose phosphorylase. 
Dextran (20 mg/ml in 20 mM sodium acetate, pH 5)« 
Presence of glucose and isomaltodextrins indicates the 
presence of a dextranase(s). Fructose release from dextran 
shows that dextran (Sigma or prepared by crude enzyme prep­
arations in our laboratory) contains some contaminating 
fruetan which is hydrolyzed by a fruetanase in the dextran­
sucrase preparations. 
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Levan (50 mg/ml in 20 mM sodium acetate, pH 5)» De­
tection of fructose indicates the presence of a fructanase 
(levanase). The presence of glucose shows that the levan 
(prepared by the action of crude dextransucrase preparations 
on raffinose) contains some contaminating dextran. 
Isomaltose-isomaltopentaose (1-5 mg/ml in 20 mM sodium 
acetate, pH 5)» Hydrolysis of any of these oligosaccharides 
indicates the presence of a glucosidase which will probably 
also hydrolyze dextran but more importantly will hydrolyze 
acceptor reaction oligosaccharide products. 
Maltose (50 mM in 20 mM sodium acetate, pH 5)* Maltose 
is used as an acceptor in the Experimental section so it is 
important to ascertain that dextransucrase will not hydrolyze 
maltose. 
l8. Conditions for the purification of dextransucrase 
Unless otherwise stated, all procedures used in attempts 
to purify dextransucrase or any other enzyme were done at 
4°C. 
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IV. EXPERIMENTAL 
A. Production 
1. Production of dextransucrase from cultures of L. 
mesgiterold^ NRRL B-512 
Dextransucrase and fructansucrase activities, pH, and 
turbidity were followed with time for a culture of L. 
mesenteroides B-512. The medium used and conditions for 
growth of the organism are described in the Methods section. 
At various times, 10 ml aliquots of the culture were with­
drawn and the turbidity was immediately measured at 550 nm 
in a 0.1 cm cuvette in a spectrophotometer. The pH of the 
culture supernatant was measured on a pH meter after removal 
of the cells by centrifugation for 15 minutes at 2000 x g. 
Dextransucrase and fructansucrase were measured after adjust­
ment of the pH of the culture supernatant to 5*0 with 1 N 
HCl or 0.1 N NaOH. The results are shown in Figure 5A. 
2. The effect of calcium on the production of dextransucrase 
The production of dextransucrase and fructansucrase were 
studied under the same conditions described above, except 
0.05/È (w/v) CaClg was added to the medium. The results are 
shown in Figure 5B. 
Figure 5» Production of dextransucrase in cultures of 
Leuconostoc mesenteroides NRRL B-512 in the 
absence and presence of 0.05JS (w/v) CaClg 
(A) represents a growth curve done in the ab­
sence of added Ca+2, 
(B) represents a growth curve done in the 
presence of added 0.05/^ (w/v) CaClg. 
Turbidity (T) at 550 nm (—o—•), pH ( • ), 
dextransucrase activity (—*--4, and levan-
sucrase activity —). 
-i 
P ' FS 
> 00  ^ o 
u/ml dextransucrose or levansucrase 
5 ' p ^ 
^ 0> 00 ® 
u/ml dextronsucrose ond levansucrase 
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3» The effect of various calcium levels on the production 
of dextransucrase 
+ P 
Ten ml cultures containing various levels of Ca were 
inoculated with 1 ml of a 12 hour culture of L. mesenteroides 
B-512. After 9 hours, the cells were removed by centrifuga-
tion for 15 minutes at 2000 x g. Dextransucrase and fructan-
sucrase in the culture supernatants were measured after 3 ml 
of the supernatants were adjusted to pH 5, brought up to 5 
ml and dialyzed against 20 mM sodium acetate, 3 DIM CaClg, 
pH 5. The results are shown in Figure 6. Calcium chloride 
at a concentration of 0.005^ (w/v) was chosen for the optimum 
production of dextransucrase. 
4-. Structural analysis of the f rue tan produced by L. 
mesenteroides B-512 
a. Partial acid hydrolysis of the fruetan produced from 
raffinose The fructan produced by the culture supernatant 
acting upon raffinose was subjected to partial acid hydrol­
ysis as described in the Methods section, along with inulin 
and levans from B. subtilus and A. aerogenes. The hydroly-
sates were chromatographed in solvent system A. Figure 7 
contains the results. 
iL 
b. Partial acid hydrolysis of the C-fructan produced 
from ^ ^C-sucrose-FdJ)-fructose 1 The ^ ^C-fructan was ob­
tained by incubating 1 ml of the culture supernatant with 1 
ml of 0.3 M ^^C-sucrose-[(U)-fructose] (33,000 cpm/mg) for 
5^  
0.6 
0.5 
0.4 <2 
V) 
0.3 w 
-log |CaCl2 
Figure 6. The effect of various concentrations of CaClg 
added to the culture medium on the production 
of dextransucrase (—-o—) and levansucrase 
(—*—) 
CaClp] = CaClp concentration expressed in % 
w/v). 
The data points plotted on the y axis represent 
cultures in which no CaClg was added. 
Figure 7. Paper chromatogram of the partial acid 
hydrolysates of the various fruetans 
A. Partial acid hydrolysate of commercial 
inulin. 
B. Partial acid hydrolysate of B. subtilis 
levan. ~ 
C. Partial acid hydrolysate of the B-512 
fructan. 
D. Partial acid hydrolysate of A. aerogenes 
levan. " 
Chromatography was carried out in solvent 
system A. 
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4-0 hours in 20 mM sodium glycerophosphate, pH 7. The 
labeled f ruetan was isolated by passing the reaction mixture 
over a 1 X 90 cm Bio-Gel P-6 column and eluting with dis­
tilled water at a flow rate of 19 ml/hr. The radioactivity 
emerging from the column at the void volume (fractions 12-19, 
2 ml/fraction) was pooled and lyophilized. The radioactiv­
ity retarded on P-6 (fractions 36-^9) was discarded. The 
final product was suspended in 2 ml of distilled water (6.2 
mg/ml, 1^5,000 cpm/ml). The ^ ^C-fructan was subjected to 
partial acid hydrolysis as described in the Methods section 
(0.9 ml of ^^C-fructan in 0.01 M . The neutralized 
and deionized hydrolysate was concentrated to 0.2 ml and 30 
|il was chromatographed on a 2 x 56 cm paper strip which was 
irrigated in solvent system D. Radioactivity on the strip 
was determined as described in the Methods section. Partial 
acid hydrolysates of inulin and A. aerogenes levan were run 
as standards on separate strips. The result is shown in 
Figure 8. 
c. Agar gel double diffusion precipitin test on the 
f rue tan produced by L. mesen^roides B-?12 The frue tan 
produced by the culture supernatant acting on raffinose was 
tested for reactivity against concanavalin A using the agar 
double diffusion precipitin test as described in the Methods 
section. Solutions (50 mg/ml) of fruetan and dextran from 
L. mesenteroides 6-512, levan from A. aerogenes. and 
1 L 
Figure 8. Chromatography of the partial acid hydrolysate of the C-fructan 
produced, by the culture supernatant of L. mesenteroides NRRL B-
5^12 on l^C-sucrose-[(U)-fructose] 
Thirty p.1 of the hydrolysate was chromatographed on a 2 x 56 cm 
Whatman 3MM paper strip in solvent system D. The strip was then 
sectioned into 1.5 cm pieces from the origin to the end of the 
paper and each piece was subjected to liquid scintillation count­
ing. DPg-DP^ represent the positions of migration of levan and 
inulin partial acid hydrolysates (levan and inulin oligosacchar­
ides) . 
fructose levon tiydrolysote 
fructose inulin hydrolysote 
DP, DP. DR DR DR 
DR 
800 
600 
cpm 
400 
200 
39.2 33.6 5.6 16.8 
cm from origin 
22.4 28 
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commercial inulin were tested against 5, 10, and 25 mg/ml 
ConA. The results are shown in Figure 9, The results of 
Figures 7, 8, and 9 clearly indicate that the B-512 fructan 
is levan and that this organism produces a levansucrase. 
B. Purification 
1. Dialysis and concentration of the culture supernatant 
Ten liters of culture supernatant obtained by centrifu-
gation of a L. mesenteroides B-512 culture was dialyzed 
against 20 mM sodium acetate, 3 nM CaClg, pH 5, using the 
Bio-Fiber 80 miniplant. The supernatant was continuously 
pumped through the fiber bundle at a flow rate of 1200 ml/hr. 
The buffer was allowed to flow through the miniplant jacket 
(area outside the fibers) at a flow rate of 600 ml/hr. 
After dialysis for 12 hours, the supernatant was concentrated 
with the miniplant as described in the Methods section. The 
concentrated culture supernatant is referred to as the cul­
ture supernatant concentrate (CSC). The CSC represents an 
approximately 20 fold concentration of the culture super­
natant (10 1 to 0.5 1); this concentrate was divided into 50 
ml» portions and stored in the freezer. The enzyme remained 
9-table indefinitely under these conditions. 
Figure 9. Agar gel double diffusion precipitin tests 
of polysaccharides against concanavalin A 
Wells A-C contain 25 mg/ml, 10 mg/ml, and 5 
mg/ml concanavalin A, respectively. 
Well 1 contains 50 mg/ml commercial inulin. 
Well 2 contains 50 mg/ml A. aerogenes levan. 
Well 3 contains 50 mg/ml B-512 dextran. 
Well Ç contains 50 mg/ml B-512 fruetan. 
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2» Ammoniiim sulfate precipitation of CSC 
Ammonium sulfate (I3.3 g) was slowly added to 25 ml of 
stirred CSC. The resulting solution was 80^ in (NHi^)2S0i^. 
The solution was allowed to stand at ^°C for 7 days and then 
centrifuged at 20,000 x g for 4-0 minutes. The resulting 
small white precipitate was suspended in 6 ml of 20 mM sodium 
acetate, 3 inM CaClg, pH 5* The suspended precipitate and 
the 80^ (MHi^)2S0j^ supernatant were both dialyzed against 20 
mM sodium acetate, 3 ciM CaClg, pH 5, for 2 days with several 
changes of buffer. After dialysis, the 80^ (NHi^)2S0i^ pre­
cipitate and supernatant were assayed for dextransucrase 
activity. The results are shown in Table 2. 
Table 2. Distribution of dextransucrase activity in the 
8O5Ê (NHi^)2S0i^ precipitate and supernatant 
Fraction Volume _U_ Total % 
(ml) ml U Yield 
25 12.1 302 100 
6.2 3.1 19 6.3 
85 3-2 272 90 
CSC 
80^ (NHi^)2S0i+ 
precipitate 
80^ (NHi^)2S0i^ 
supernatant 
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1. Hydroxylapatlte chromatography of CSC 
Bio-Gel HT was thoroughly washed with 1 mM potassium 
phosphate, pH 5 and a 2.1 x 4 cm column was poured. Two ml 
of CSC was applied to the column and the column was succes­
sively washed with 25 ml of increasing concentrations of 
potassium phosphate, pH 5 in a stepwise gradient (1 mM, 10 
mM, 50 mM, 100 mM, 250 mM, 4-00 mM, 500 mM, 600 mM, and 1000 
mM). Three ml fractions were collected. Protein was eluted 
off the column with each increase in phosphate concentration. 
The protein fractions due to each potassium phosphate con­
centration were pooled and dialyzed against 20 mM sodium ace­
tate, 3 mM CaClg, pH 5, and assayed for dextransucrase and 
levansucrase activity. Table 3 shows the dextransucrase to 
levansucrase ratio (DS/LS) of the fractions eluted from Bio-
Gel HT with potassium phosphate which contain dextransucrase 
or levansucrase activity. 
Table 3. Dextransucrase to levansucrase ratios of the frac­
tions eluted from Bio-Gel HT with potassium phos­
phate 
Potassium phosphate 250 mM 400 mM 500 mM 600 mM 1000 mM 
concentration 
DS/LS& 0.01 1.9 5 A 19.1 27.6 
^CSC has a DS/LS of 11.8. 
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4-. Ion-exchange chromatography of CSC 
Anion exchange chromatography of the CSC was attempted 
on DEAE-cellulose, AE-cellulose, ECTEOLA-cellulose, and PAB-
cellulose resins. All columns were washed with 20 mM sodium 
acetate, pH 5, and eluted with a 0-0.5 M gradient of NaCl in 
20 mM sodium acetate, pH 5* The dextransucrase activity was 
tightly bound to all of the anion-exchangers except PAB-
cellulose. The activity, however, could not be removed from 
the resins by the NaCl gradient described above or even at 
very high ionic strengths, e.g., 5 M NaCl. This property 
will be discussed in the next section. 
Cation exchange chromatography of the CSC on CM-cellu-
lose and P-cellulose was performed as described above. 
Dextransucrase did not bind to either of these resins and 
was eluted from the columns in the starting buffer. 
5. Chromatography of CSC on Bio-Gel P-150 
One ml of CSC was passed over a 1 x 9^ cm column of 
Bio-Gel P-I50, 100-200 mesh. The column was washed with 20 
mM sodium acetate, pH 5, with a flow rate of 9 ml/hr. All 
of the dextransucrase activity was found at the void volume 
of the column, along with levansucrase. The same result was 
obtained with Bio-Gel P-3OO. 
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6. Chromatography of the culture supernatant and CSC on 
agarose gel columns 
Figure lOA shows the elution profile of the culture 
supernatant on Bio-Gel A-5m. Although not shown in the fig­
ure, levansucrase activity is not retarded on Bio-Gel A-^m 
and migrates at the void volume as does dextransucrase. 
Figure lOB shows the elution profile of the chromatog­
raphy of the CSC on Bio-Gel A-l^m. Levansucrase activity 
is not shown in the figure, but also migrates at the void 
volume of the Bio-Gel A-l^m column as does dextransucrase. 
The void volume of the A-l^m column was concentrated using 
the Bio-Fiber 80 beaker as described in the Methods section. 
The concentrate was referred to as theA-l^m void volume con­
centrate (A15VVC). Dextransucrase and levansucrase activ­
ities migrated at the void volume of all the Bio-Gel A 
series gels tested (A-0.^m, A-1.^m, A-^m, A-l$m, A-^Om, and 
A-I50m). 
7. Chromatography of endo-dextranase treated CSC on Bio-
Gel A-5m 
The CSC (9«7 ml) was treated with 0.3 ml of Sigma 
dextranase. (30 U/ml in 20 mM sodium acetate, pH 5) at 25°C 
for 40 hours. The reaction was carried out in a dialysis 
tube which was placed in 2 liters of 20 mM sodium acetate, 
3 mM CaClg, pH 5» The buffer was changed 5 times during the 
Figure 10. Agarose gel chromatography of the culture 
supernatant and the CSC 
(A) Chromatography of 2 ml of the culture 
supernatant on a 1 x 63 cm Bio-Gel A-^m column. 
The column was eluted with 20 mM sodium ace­
tate, 3 mM CaClg, pH 5» at a flow rate of 8.6 
ml/hr. 
(B) Chromatography of 2 ml of the CSC on a 
1 X 66 cm Bio-Gel A-15 m column. The column 
was eluted with 20 mM sodium acetate, 3 niM 
CaCl2, pH 5, at a flow rate of 4 ml/hr. 
Absorbance at 280 nm o—), dextransucrase 
activity (—*—). 
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treatment. After 40 hours, the dextranase treated dextran-
sucrase was passed over a Bio-Gel column. Figure llA 
shows the elution profile of untreated CSC on Bio-Gel A-^m, 
and Figure IIB shows the elution profile of the dextranase 
treated CSC on Bio-Gel A-^m. The fractions containing 
dextransucrase activity from the dextranase treated sample 
were pooled and concentrated using the Amicon ultrafiltration 
devices as described in the Methods section. This concen­
trate is referred to as the A-5in concentrate. Purification 
data from the culture supernatant to the A-^m concentrate 
is in Table 4. 
C. Properties 
1. Contaminating activities analysis of the A-'?m concentrate 
The A-^m concentrate and CSC were assayed for contami­
nating activities as described in the Methods section. Fig­
ure 12 shows the typical results of contaminating activity 
checks on raffinose, dextran, and isomaltotetraose. 
2. The action of the A-5m concentrate on ^ ^C-(IJ)-sucrose 
Ten fj.1 of A-^m concentrate were added to 10 jj.1 of 0.3 M 
^^C-(U)-sucrose (95,000 cpm/mg) in 20 mM sodium acetate, pH 
5. Two p-1 aliquots were withdrawn with time and chromato-
graphed on 2 x 56 cm strips of paper in solvent system A. 
After chromatography, the strip was sectioned into 1.5 cm 
Figure 11. Bio-Gel A-^m chromatography of the CSC before 
and after dextranase treatment 
(A) Chromatography of 10 ml of the CSC before 
Sigma dextranase treatment. 
(B) Chromatography of 10 ml of the CSC after 
Sigma dextranase treatment. 
Both columns were 2.5  x 76 cm, eluted with 20 
mM sodium acetate, 3 mM CaClp, at a flow rate 
of 25 ml/hr. 
^280 nm (—•—), U/ml dextransucrase (—-o—), 
U/ml levansucrase mU/ml Sigma 
dextranase ^-4-—). 
A280nm AzSOnm — — — — 
o H t-è. 
,U/ml dextransucrase 
kL U/ml levansucrase 
mU/ml dextranase * -9-
U/ml dextransucrase 
g g g 
' U/ml levan&ucrase 
Table k-. Purification data for dextransucrase 
Dextransucras e Protein 
Fraction Volume 
(ml) U 
ml 
total 
U 
% 
yield 
total 
mg 
% 
yield 
Culture 
supernatant 9600 0.9 8640 100 4.1 39400 100 
CSC if25 19.0 8075 93.5 2.0 850 2.2 
A-5m 
concentrate 17 3.8 2830 32.8 0.072 54 0.14 
^Specific activity (pmoles of fructose released per 
min per mg protein). 
^Purification factor. 
^Levansucrase. 
^Dextransucrase to levansucrase ratio. 
®Data were adjusted by a factor of ^3*8 to account for the 
use of only 9.7 ml of CSC to obtain the concentrate. 
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SA^ PF^ Carbohydrate j^c 
mg, total % i DS^ 
ml mg yield ml LS 
0.22 1 1.0 9600 100 0.02 
9.5 43.2 11.6 1+930 51.1+ 0.5 38 
52.8 24-0 2.1 156^ 16.3 0.0 
Figure 12. Paper chromatograms of the action of dextran-
sucrase at various stages of purification on 
raffinose, isomaltotetraose, and dextran 
A. CSC action on raffinose. 
B. A-5m concentrate action on raffinose. 
C. Raffinose control. 
D. CSC action on isomaltotetraose. 
E. A-5m concentrate action on isomaltotetraose. 
F. Isomaltotetraose control. 
G. A-5m concentrate action on dextran. 
H. CSC action on dextran. 
All chromatograms were irrigated in solvent 
system A. 
7 5  
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pieces and counted. The distribution of products at various 
times was followed. The results are shown in Figure I3. 
Table 5 lists the percentage of various products produced 
after all the sucrose had been utilized by dextransucrase at 
various stages of purification. This data was obtained using 
^^C-(U)-sucrose as described above. 
1. The effect of chelating agents on the A-5m concentrate 
The concentrate was assayed in the presence of the 
chelating agents, EDTA and EGTA at different concentrations. 
The chelating agents were buffered at pH 5 in 20 mM sodium 
acetate. Before assaying, the A-^m concentrate was dialyzed 
against 20 mM sodium acetate, pH 5 to remove any exogaious 
+2 
Ca . The results are shown in Table 6. 
Table 5* Distribution of products (mole percent) at final 
equilibrium from dextransucrase at various stages 
of purification 
Enzyme Dextran Leucrose Sucrose Glucose Fructose 
Culture supernatant 4^.1 0 1.5 50.9 
A15WC^ hi. 9 4.0 0 2.8 51.3 
CSC^ Mf.l 3A 0 2.9 49.5 
A-5m concentrate 4^.7 3.6 0 0.5 50.2 
^A-l5m void volume concentrate. 
^Culture supernatant concentrate. 
Hours 
Figure I3. Formation of C-fructose (—•—), ^  C-dextran (—#—), and ^^C-
leucrose (—A—) is a function of time by tha action of the A-?m 
concentrate (purified dextransucrase) with ^ ^C-(U)-sucrose (——•—) 
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Table 6. The effect of EDTA and EGTA on the A-^m concentrate 
Concentration of ^ Relative activity 
chelating agent (mM) EDTA EGTA 
0 100 100 
0.25 91 97 
1.25 68 97 
2.5 62 9^ 
6.25 53 9^ 
12.5 50 94 
4. The effect of metal ions on untreated and EDTA treated 
A-5m concentrate 
a. The effect of metal ions on the A-Sm concentrate 
Table 7 shows the effect of various divalent metal ions on 
the A-5in concentrate. The dextransucrase assays were done 
as described in the Methods section. The chlorides of the 
metal ions were buffered in 20 mM sodium acetate, pH 5» The 
A-^m concentrate had been previously dialyzed against 20 mM 
+2 
sodium acetate, pH 5 to remove any exogenous Ca . 
b. The effect of metal ions on EDTA treated A-^m con­
centrate The dialyzed A-5m concentrate (O.3 ml) described 
above was incubated with 0.2 ml of 50 mM EDTA for 90 minutes 
at 25°C. After this incubation with EDTA, the enzyme was 
Table 7. The effect of various divalent metal ions on the A-5m concentrate 
Metal ion Final concen­ % Relative Metal ion Final concen­ % Relative 
added tration (mM) activity* added tration (mM) activity* 
none 100 Zn+2 25 0 
Ca+^ 135 72 Zn+2 6 18 
Ca+2 25 95 Zn'*^ 1 76 
Ca+2 12.5 100 Co+2 6 9^ 
Ca+^ 6 100 Co+2 1 100 
Ca+^ 1 100 Ni+2 6 85 
Ca+^ 0.3 100 Ni+2 1 97 
6 9^ Cd+2 6 56 
Mg"*"^ 1 100 Cd+2 1 85 
Mn"^^ 6 94. Fe'^2 6 6 
1 100 Fe"^^ 1 65 
8r+2 6 76 Cu+^ 6 0 
ro
 
1 9^ Cu"*"^ 1 1 
Ba"^^ 6 97 Hg+" 1 0 
Ba+2 1 97 Pb"^^ 1 0 
relative activity is based on the activity of the A-$m concentrate assayed 
in the absence of any metal ions. 
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assayed for dextransucrase activity in the presence of various 
divalent metal ions at a concentration of 5 mM. EDTA is also 
present in the assay at 5 mM (the assay consisted of 10 p,l of 
enzyme, 10 jil of metal ion, and 20 |JL1 of ^^C-sucrose). The 
results are shown in Table 8. 
c. The effect of metal ions on the EDTA treated A-^m 
concentrate after removal of the EDTA A sample of A-5m 
+2 
concentrate which had been dialyzed to remove exogenous Ca 
and treated with EDTA as described above, was dialyzed ex­
tensively against 20 mM sodium acetate, pH 5 to remove the 
EDTA. The dialysate was then assayed for dextransucrase 
activity in the presence of various metal ions at a concen­
tration of 5 mM. The results are shown in Table 9. 
5. The effect of dextran on the A-5m concentrate 
A sample of freshly prepared A-5m concentrate was as­
sayed for dextransucrase activity in the presence of varying 
amounts of native B-512 dextran suspended in 20 mM sodium 
acetate, 3 mM CaClg, pH 5* The results are shown in Table 
10. 
6. The stability of the A-^m concentrate to storage 
Freshly prepared A-5m concentrate was stored at -15^C 
(frozen) and Aliquots were withdrawn every few days 
and assayed for dextransucrase activity. Samples of the A-5'm 
concentrate stored in 4 mg/ml native B-512 dextran and 25% 
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Table 8. The effect of divalent metal ions on the EDTA 
treated A-5m concentrate 
Metal ion % Relative 
added activity^ 
none 56 
Ca"^^ 99 
Mg"^^ IfO 
Mn"^^ IfO 
8r+2 68 
Ba"^^ 65 
0 
0 
Ni"^^ 0 
Cd+2 0 
Fe"^^ 0 
Hg"^^ 0 
Cu+2 0 
Pb"^^ 0 
^The metal ions were used at 5 mM because EDTA is present 
in each assay at this concentration. 
relative activity is based on the activity of untreated 
A-5m concentrate. 
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Table 9* The effect of divalent metal ions on the EDTA 
treated concentrate after removal of the 
EDTA 
Metal ion $ Relative 
add ed ( 5inM ) ac tivi ty& 
none 78 
Ca"^^ 79 
Cv
J 
>
 1\ 
Mn^^ Ih 
Cv
l 
CO % 
Ba"^^ 78 
17 
Co+2 65 
Ni"*"^ 69 
o
 ro
 
39 
Fe"^^ 30 
cv
l 
0 
o
 ro
 
0 
Pb^^ 0 
relative activity is based upon the activity of un­
treated A-5m concentrate. 
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Table 10. The effect of dextran on the A-^m concentrate 
Final concentration of q 
added dextran (mg/ml) 0.008 0.04 0.08 0.2 0.4 4 
U/ml 1.2 1.3 1.3 1.4 1.3 1.4 1.3 
(v/v) glycerol were also subjected to the same experiment. 
The results are shown in Figure 14-. 
7. The stability of the A-^m concentrate stored in varying 
amounts of dextran 
Freshly prepared A-5m concentrate was stored (frozen) in 
the presence of varying amounts of native B-5i2 dextran. The 
dextransucrase activity in each sample was determined every 
few days by the quick method described in the Methods section. 
The results are shown in Table 11. 
8. Chromatography of the A-S^m concentrate stored in the 
presence and absence of dextran on Bio-Gel A-l^m 
Samples of A-5m concentrate stored (frozen) in the ab­
sence or presence of ^  mg/ml dextran for 9 days were passed 
over Bio-Gel A-l5m columns. The results are shown in Figure 
15. 
Figure 14-. Storage stability of the A-5ni concentrate (purified dextransucrase) 
(A) Storage of the purified enzyme at -15®C (—o—) and 
("—•—). 
(B) Storage of the purified enzyme in mg/ml dextran at -15°C 
(—o—) and 4°C (—#—). 
(C) Storage of the purified enzyme in 25% (v/v) glycerol at -15°C 
(—o—) and ^oc (—#—). 
Relative Activity Relative Activity Relative Activity 
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Figure 15« Bio-Gel A-l^m chromatography of the A-^m concentrate (purified 
dextransucrase) stored in the absence (A) and presence (B) of 
4 mg/ml dextran for 9 days at -15°C 
Both columns were 1 x 63 cm, eluted with 20 mM sodium acetate, 
3 mM CaClg, pH 5» at a flow rate of 10 ml/hr. 
VQ = void volume. 
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Table 11. Stability of the A-5m concentrate stored at -15®C 
in varying amounts of dextran 
Concentration of 
dextran (mg/ml) 2 8 -4P- 32 
0 61^ 54 43 19 11 
0.008 67 61 54 39 33 
0.08 86 64 58 42 28 
0.8 100 94 74 71 31 
2.0 100 100 75 69 50 
4.0 100 100 94 83 67 
*These numbers represent the % relative activity of the 
sample based upon freshly prepared A-5m concentrate. 
9. Examination of the carbohydrate content of the A-5m 
concentrate 
A 4- ml sample of A-5m concentrate having a carbo­
hydrate content of 1.7 mg/ml (determined as glucose) was 
concentrated to 1 ml by evaporation under reduced pressure. 
Total acid hydrolysis of 0.5 ml of the concentrated sample 
was carried out in 1 N TFA for 90 minutes at 121°C. Partial 
acid hydrolysis of 0.5 ml of the concentrated sample was 
carried out in 1 N TFA for 10 minutes at 121°C. Both 
hydrolysates were concentrated to dryness and redissolved 
in 0.2 ml of distilled water. Twenty jil aliquots of both 
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samples were chromatographed using solvent system A. The 
results are shown in Figure 16. 
10. The effect of concanavalin A on the A-^m concentrate 
Ten jil of a sample of A-5m concentrate which had been 
stored in 4- mg/ml dextran for 16 days at -15^C was added to 
10 jil of 25 mg/ml ConA in 20 mM sodium acetate, 0.8$# NaCl, 
3 mM CaClg, pH 5*3' A precipitate resulted and was removed 
by centrifugation on a Beckman Microfuge for 1 minute. Ten 
jj.1 of the resulting supernatant was assayed for dextran-
sucrase by the quick method described in the Methods section. 
The same experiment was carried out omitting the ConA. No 
precipitate was observed in this experiment. A similar ex­
periment was performed on a sample of A-5m concentrate which 
had been stored at -1$°C for 16 days in the absence of any 
added dextran. The results are shown in Table 12. 
11. ConA-Sepharose chromatography of the A-^m concentrate 
Eight ml of freshly prepared A-5m concentrate was applied 
to a 1 X 8 cm column of ConA-Sepharose which had been 
thoroughly washed with 20 mM sodium acetate, 3 mM CaClg, 1 
mM MgClg, 1 mM MnClg, 0.15 M NaCl, pH 5« The column was 
washed at a flow rate of 56 ml/hr with the buffer described 
above. When 12 two ml fractions had been collected, the 
eluant was changed to a buffer having the same composition 
described above plus 0.1 M a-methyl-D-glucoside. Thirty 2 ml 
Figure 16. Paper chromatogram of the partial acid hydrolysis 
and the total acid hydrolysis of the carbohydrate 
in the A-^m concentrate 
A. Mixture of monosaccharide standards. 
B. Total acid hydrolysis of the A-5m concen­
trate. 
C. Partial acid hydrolysis of the A-5m con­
centrate. 
D. Isomaltodextrin standards. 
The chromatogram was irrigated in solvent 
system A. 
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Table 12. The effect of concanavalin A on the A-5m concen­
trate stored in the absence and presence of 
dextran 
Sample n/ml* 
A-5m concentrate stored 
0.04 in dextran + ConA 
A-5m concentrate stored 
in dextran - ConA 0.96 
A-5m concentrate stored 
0.04 without dextran + ConA 
A-5m concentrate stored 
without dextran - ConA 0.22 
^Dextransucrase assay of the supernatant. 
fractions were collected and dextransucrase assays as de­
scribed in the Methods section were carried out. The elution 
profile of this column is shown in Figure 17A. Fractions 
containing dextransucrase activity (#14-20) were pooled and 
dialyzed against 20 mM sodium acetate, 3 mM CaClg, pH 5* 
Table 13 shows the purification data of the dextransucrase 
activity which was bound to the column and was eluted with 
a-methyl-D-gluc osid e. 
Freshly prepared A-5"m concentrate was made 2 mg/ml in 
dextran by adding 0.7 ml of 20 mg/ml native B-512 dextran 
to 6.3 ml of the A-5m concentrate. Five ml of this prep­
aration was then passed over a 1 x 8 cm ConA-Sepharose column 
Figure 17. ConA-Sepharose chromatography of the A-^m concentrate (purified 
dextranase) 
(A) Chromatography of freshly prepared A-5m concentrate on a 
1 X 8 cm column. The column was washed with 20 mM sodium acetate, 
3 mM GaClp, 1 mM MgClo, 1 mM MnClg, 0.15 M NaCl, pH 5, for the 
first 12 fractions. The column was washed with the same buffer 
containing 0.1 M aMDG from fractions 13 to 30* 
(B) Chromatography of freshly prepared A-^m concentrate in 2 
mg/ml dextran on a 1 x 8 cm column. The column was eluted in 
the same way as described for (A), except all the buffers con­
tained 2 mg/ml dextran. 
U/ml dextransucrase (—o— ), absorbance at 280 nm (—•—). 
aMDG = a-methyl-D-glucoside. 
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Table 13- Purification of the A-5m concentrate on ConA-
Sepharose 
Fraction Volume TJ/ml Total % mg/ml Specific 
(ml) U Yield protein activity 
A-5m concentrate 8 3.8 30A 100 0.072 52.8 
Fraction #1^-20 from 
ConA-Sepharose l4 0.2 2.8 9*2 0.00^ 50 
^fimoles of fructose released per min per mg protein. 
using the same procedure described above, except the starting 
buffer and a-methyl-D-glucoside buffer also contained 2 mg/ml 
dextran. Fractions not bound (#2-8) and bound (#l4-l8) to 
the ConA-Sepharose column were pooled and dialyzed against 
20 mM sodium acetate, 3 mM CaClg, pH 5» Figure 17B shows 
the elution profile of this ConA column. Table l4- shows the 
purification data of dextransucrase fractions which were 
bound and not bound to ConA-Sepharose. 
12. Examination of the polysaccharide produced by the A-5m 
concentrate 
The polysaccharide produced by the A-5m concentrate was 
prepared as described in the Methods section. 
a. Total acid hydrolysis of the polysaccharide The 
polysaccharide (6.5 mg/ml in 0.4 ml of 1 N TFA) was subjected 
to total acid hydrolysis as described for dextran in the 
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Table l4. Purification of the A-^m concentrate in 2 mg/ml 
dextran on ConA-Sepharose 
Fraction Volume U/ml Total % mg/ml Specific 
(ml) U Yield protein activity 
A-5m concentrate 
in 2 mg/ml dextran 5 3.5 17.5 100 0.070 50 
Fractions #2-8 from 
ConA-Sepharose 14- 1.1 15A 88 0.011 100 
Fractions #L4-18 
11.4 from ConA-Sepharose 10 0.2 2.0 0.006 33 
%moles of fructose produced per min per mg protein. 
Methods section. The hydrolysate was concentrated to dryness 
under reduced pressure and redissolved in 0.2 ml of distilled 
water. A 15 jil aliquot was chromatographed using solvent 
system A. The result in Figure 18 shows that only glucose 
is produced. 
b. Partial acid hydrolysis of the polysaccharide The 
polysaccharide (6.5 mg/ml in 0.4 ml of 0.08 N TFA) was sub­
jected to partial acid hydrolysis as described for dextran 
in the Methods section. The hydrolysate was concentrated to 
dryness under reduced pressure and redissolved in 0.2 ml of 
distilled water. A 15 p-l aliquot was chromatographed using 
solvent system A. The result in Figure 18 shows a series of 
isomaltodextrins is produced. 
Figure 18. Paper chroiratograin of the products obtained 
by the treatment of the polysaccharide made 
by the A-5ni concentrate (purified dextran-
sucrase) with acid and various dextranases 
A. Isomaltodextrin standards. 
B. Partial acid hydrolysate of the poly­
saccharide. 
C. Total acid hydrolysate of the polysac­
charide. 
D. Gp-dextranase action on the polysac­
charide. 
E. ICN dextranase action on the polysac­
charide. 
F. Dextranase S action on the polysaccharide. 
The chromatogram was irrigated in solvent 
system A. 
% 
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c. Dextranase treatment of the polysaccharide Sam­
ples of the polysaccharide (6.5 mg/ml in 1 ml) were separ­
ately treated with 1 ml of Gg-dextranase (0.2 U/ml), 1 ml of 
ICN dextranase (5 U/ml), and 0.3 ml of Sigma dextranase (30 
U/ml). All of the dextranase treatments were done in 20 mM 
sodium acetate, pH 5? for 40 hours at 37°C. After 40 hours, 
the reaction mixtures were concentrated to dryness under re­
duced pressure and redissolved in 0.2 ml of distilled water. 
Ten pi aliquots of each sample were chromatographed using 
solvent system A. The results are shown in Figure I8. 
D. Acceptor Reactions 
1. Preparation of charged enzyme 
The A-5m concentrate (1.5 ml, 3-5 U/ml) was made 120 mM 
in sucrose by the addition of 1 ml of O.3 M sucrose in 20 mM 
sodium acetate, pH 5, and the reaction was allowed to incu­
bate at 25®C. After 30 minutes, the fructose and unreacted 
sucrose were removed from the enzyme by passing the entire 
sample over a 1 x 90 cm Bio-Gel P-6 column. The column was 
eluted with 20 mM sodium acetate, 3 mM CaClg, pH 5, at a 
flow rate of 27 ml/hr. Three ml fractions were collected 
and assayed by reading the absorbance at 280 nm in a spec­
trophotometer. The void volume of the column, which contains 
dextransucrase, was pooled and is referred to as the "charged" 
enzyme. The charged enzyme was used for the acceptor reac-
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tlons performed in the absence of sucrose that will be 
described in the next section. 
To ensure that all the sucrose was being removed from 
the charged enzyme on the Bio-Gel P-6 column, a sample of 
A-5m concentrate was charged with 0.3 M ^^C-(U)-sucrose 
(23,000 cpm/mg) by the method described above and Figure 19 
ik 
shows the elution profile of the C-sucrose charged enzyme 
passed over a Bio-Gel P-6 column. The void volume of this 
column was pooled and a 50 jj.1 aliquot was chromatographed 
on a 2 X 56 cm strip of paper using solvent system A. After 
chromatography, the strip was scanned for radioactivity by 
the procedure described in the Methods section. The results 
are shown in Figure 20. 
2. Acceptor reaction conditions 
^^C-REL-maltose (20,000 cpm/ng, 7000 cpm/jxl), ^^C-(n)-
glucose (130,000 cpm/jig, 70,000 cpm/jxl), and ^^C-(U)-fructose 
(280,000 cpm/fig, 2^5,000 cpm/|il) were purified by preparative 
paper chromatography as described in the Methods section be-
1 k 
fore use in the acceptor reactions. When C-acceptors are 
referred to in the following experiments, it refers to all 
1 k 
three of the C-acceptors described above. 
a. Acceptor reactions with charged enzyme in the 
absence of sucrose Three ml of charged enzyme (0.2 U/ml) 
1 k 
was added to 0.3 ml of a C-acceptor and allowed to incubate 
for 24- hours at 25°C. From now on this reaction will be 
Figure 19» Bio-Gel P-6 chromatography of the A-5m concen­
trate reacted (charged) with l^C-(U)-sucrose 
^280 nm (—o—), CPM (—*—). 
Radioactive peak 1 represents charged enzyme 
and radioactive peak 2 represents fructose 
and unreacted sucrose. 
The 1 X 90 cm column was eluted with 20 mM 
sodium acetate, 3 CaClp, pH 5» at a flow 
rate of 26 ml/hr. 
101b 
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Figure 20. Paper chromatography of ^^C-charged enzyme (Peak 1 of Figure 19) 
Fifty jil of the ^^C-charged enzyme was chromatographed on a 2 x 56 
cm Whatman 3MM paper strip using solvent system A. The strip was 
sectioned into equal 1.5 cm pieces from the origin to the end of 
the paper and each piece was subjected to liquid scintillation 
counting. 
The position to which sucrose migrated is marked. 
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referred to as the acceptor reaction in the absence of 
sucrose or reaction 2-a. 
b. Acceptor reactions with uncharged enzyme in the 
absence of sucrose As a control for the acceptor reac­
tions with charged enzyme in the absence of sucrose, un­
charged enzyme (A-5m concentrate) was used in reactions 
set up exactly as described in section 2-a. For example, 
the acceptor reactions with charged enzyme in the absence 
of sucrose contained 0.6 U/ml of dextransucrase in 3.3 ml. 
Therefore, the uncharged controls consisted of 0.^6 ml of 
A-5 concentrate (3.6 U/ml), 2.kk ml of 20 mM sodium acetate, 
ik 
3 mM CaClg, pH 5 and 0.3 ml of a C-acceptor. The reac­
tions were allowed to proceed for 2^ hours at 25°C. These 
reactions are referred to as control reactions in the ab­
sence of sucrose or reaction 2-b. 
c. Acceptor reactions in the presence of sucrose 
Acceptor reactions in the presence of sucrose were per­
formed with the same amount of dextransucrase activity and 
1L. 
C-acceptor as the acceptor reactions done in the absence 
or sucrose (2-a and 2-b). The reactions consisted of 0.56 
ml of A-5m concentrate (3.6 U/ml), 1.65 ml of O.3 M sucrose 
in 20 mM sodium acetate, 3 mM CaClg, pH 5, 0.79 ml of 20 mM 
Ik 
sodium acetate, 3 mM CaClg, pH 5, and 0.3 ml of a C-
acceptor (the reactions were done in the presence of 150 mM 
sucrose). The reactions were allowed to proceed for 2h 
lOif 
hours at 25®C. These reactions are referred to as the ac­
ceptor reactions in the presence of sucrose or reaction 2-c. 
Ik Ik 
d. C-acceptor controls All three C-acceptors 
(0.3 ml) were incubated in 3 nil of 20 mM sodium acetate, 3 
mM CaClg, pH 5 for 2^ hours at 25®C. These reactions served 
1 k 
as controls for the C-acceptors. 
Analysis of the acceptor reaction products 
The products from the acceptor reactions described in 
sections 2-a, 2-b, 2-c, and 2-d were analyzed by paper chro­
matography and Bio-Gel P-6 chromatography. Paper chroma­
tography of the products was done by chromatographing aliquots 
from the reactions (amounting to about $D,000 cpm) on 2 x 56 
cm Whatman 3MM strips. The strips were irrigated in solvent 
system A. The radioactivity on each strip was determined 
as described in the Methods section. Figure 21 shows the 
results of chromatography of products from the acceptor re-
1 k 1 k 
actions using C-REL-maltose as the acceptor. C-glucose 
ik 
and C-fructose gave similar results with the major excep-
%k 
tion that in the presence of sucrose, C-fructose gave only 
1 k 1 k 
a labeled disaccharide, while C-glucose and C-maltose 
give a series of labeled oligosaccharides. 
After chromatography of a small aliquot of each acceptor 
reaction mixture, the remainder of the samples were passed 
over Bio-Gel P-6 columns. The columns (1 x 90 cm) were eluted 
Figure 21. Paper chromatography of the acceptor reaction 
products using ^^C-REL-maltose as the acceptor 
(A) The reaction in the absence of sucrose 
with charged enzyme (2-a). 
(B) The reaction in the absence of sucrose 
with uncharged enzyme (2-b). 
(C) The reaction in the presence of sucrose 
(2-c). 
(D) The acceptor control (2-d). 
The chromatography was carried out on 2 x 56 
cm paper strips using solvent system A. The 
strips were sectioned into equal 1.5 cm 
pieces from the origin to the end of the 
paper and each piece was subjected to liquid 
scintillation counting. 
G2 = maltose, DP^ = trisaccharide, DPi^. = 
tetrasaccharide, DP^ = pentasaccharide. 
10^ 
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with distilled water at a flow rate of 20 ml/hr. Three ml 
fractions were collected and analyzed for radioactivity by 
counting 0.05 ml of each fraction on 1.5 x 1.5 cm pieces of 
Whatman 3MM paper. Figure 22 shows the Bio-Gel P-6 elution 
profiles of the products from the acceptor reactions with 
^^C-glucose. The labeled material (Fraction I) migrating at 
the void volumes of the P-6 columns was pooled, lyophilized, 
and suspended in 2 ml of distilled water. Significant Frac­
tion I material was only obtained from reactions 2-a and 
2-c. The labeled product that is retarded on the P-6 col­
umns along with the original acceptor (Fraction II) was 
pooled, concentrated to dryness, and redissolved in 0.5 ml 
of distilled water. Again, only reactions 2-a and 2-c gave 
detectable amounts of labeled oligosaccharides (Fraction 
II material), so these were the only products that were 
worked up as described above. Reactions from 2-b with C-
maltose did give a trace (0.8# of total radioactivity) of a 
labeled trisaccharide. This compares with 5# of the label 
in the trisaccharide from reaction 2-a. Tables 15» 16, and 
17 give the yields of Fraction I and Fraction II (products 
other than the acceptor) from the acceptor reactions with 
the three acceptors in the absence of sucrose (2-a) and in 
the presence of sucrose (2-c) expressed as the percentage 
of the total radioactivity of the original acceptor. 
The production of products from all three labeled 
Figure 22. Bio-Gel P-6 chromatography of the acceptor re­
action products using l^C-glucose as the ac­
ceptor 
(A) Reaction in the absence of sucrose with 
charged enzyme (2-a). 
(B) Reaction in the absence of sucrose with 
uncharged enzyme (2-b). 
(C) Reaction in the presence of sucrose (2-c). 
(D) Acceptor control (2-d). 
Fr. I = Fraction I, Fr. II = Fraction II, 
VQ = void volume. 
All the chromatography was done on 1.5 x 90 
cm columns, which were eluted with distilled 
water at a flow rate of 27 ml/hr. 
107b 
Fr. n 
0.05 ml 
10 20 30 40 50 10 20 30 
Fraction Number (3 ml) 
40 50 
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Table 15* Percentage of the total radioactivity in Fraction 
I and Fraction II obtained from acceptor reactions 
with l^C-glucose in the absence and presence of 
sucrose 
Experiment 
$ of Total Radioactivity^ 
Fraction I^ Fraction 11^ 
-sucrose (2-a)^ 0.05 0.2 
+sucrose (2-c) 0.3 10.2 
^ased on 2.1 x 10^ total cpm in the ^^C-glucose. 
^Product isolated from the void volume of Bio-Gel P-6. 
^Products retarded on Bio-Gel P-6. 
^Acceptor reaction with charged enzyme in the absence 
of sucrose. 
Table 16. Percentage of the total radioactivity in Fraction 
I and Fraction II obtained from acceptor reactions 
with l^C-REL-maltose in the absence and presence 
of sucrose 
Experiment $ of Total Radioactivity^ 
Fraction I Fraction II 
-sucrose (2-a)^ 0.2 5A 
+sucrose (2-c) 0.7 58.9 
^Based on 2.1 x 10^ total cpm in -maltose. 
^'"^'^The same as in Table 15» 
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Table 17. Percentage of the total radioactivity in Fraction 
I and Fraction II obtained from acceptor reactions 
with l^C-fructose in the absence and presence of 
sucrose 
Experiment 
% of Total Radioactivity* 
Fraction I^ Fraction 11*^ 
-sucrose (2-a)^ 0.02 0.2 
+sucrose (2-c) 0.2 23.1 
^Based on 7.4- x 10^ total cpm in -fructose. 
b,c,d|j,jjg same as in Table 15. 
acceptors in the presence of sucrose was followed with time 
by chromatographing 10 jil aliquots of the reaction mixtures 
(2-c) on 2 X 56 cm paper strips. The strips were irrigated 
in solvent system A. The strips were scanned for radioac­
tivity as described in the Methods section. Figure 23 shows 
1L. 
the results of these experiments with C-REL-maltose and 
1 h 
C-fructose. 
k. Structural determination of Fraction II 
The Fraction II material from all three acceptors iso­
lated in the absence (2-a) and presence (2-c) of sucrose 
was subjected to preparative paper chromatography as de­
scribed in the Methods section. Each labeled oligosaccharide 
was concentrated to 0.5 nil after elution from the paper with 
ik 
Figure 23. Formation of labeled products from acceptor reactions with C-
REL-maltose and l^C-fructose in the presence of sucrose 
(A) ^^C-REL-maltose acceptor (—O—), DP3 (—o—), DP^. (—•—), 
and DP^ (—û—). 
(B) ^^C-fructose acceptor (—O—) and DPg (leucrose) (—o—). 
7o of Total Radioactivity 7o of Total Radioactivity 
r\5 
o 
T-
O 
"T" 
o 
-T" 
III 
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distilled water. 
a. Reduction and total acid hydrolysis of the labeled 
oligosaccharides Each labeled oligosaccharide was sub­
jected to reduction with NaBHi^ and total acid hydrolysis with 
TFA as described in the Methods section. After concentration 
of the neutralized and deionized hydrolysates to dryness, 
they were redissolved in 0.075 ml of distilled water, and 
the entire 0.075 ml was chromatographed on a paper chromato-
gram irrigated in solvent system C. Figure 2k- shows a 
radioautograph of the chromatogram. All of the labeled 
oligosaccharides were reducing end labeled. 
bi G^-dextranase treatment of the labeled oligo-
1 L. 
saccharides derived from acceptor reactions with C-REL-
ik 
maltose and C-glucose All of the labeled oligosac-
charides obtained in the reactions with C-maltose and the 
labeled trisaccharide, tetrasaccharide, and pentasaccharide 
1L. 
from the C-glucose reactions were treated with Gg-dextranase 
as follows. Each oligosaccharide (5000-15000 cpm) was incu­
bated with 0.2 U of Gg-dextranase in a total volume of 1 ml 
buffered at pH h,2 with 20 mM sodium acetate. After 30 min­
utes at 37®C, the reaction mixtures were concentrated to 
dryness and redissolved in 0.1 ml of distilled water. Twenty-
five p.1 aliquots of each sample were chromatographed using 
solvent system B. Figure 25 shows the radioautogram of the 
chromatogram. Table 18 gives a summary of the labeled 
Figure 2k. Radioautogram of the products from the reduction and total acid hy­
drolysis of the labeled oligosaccharides (Fraction II) obtained from 
the acceptor reactions. 
A. ^^C-glucose, -fructose, ^ ^C-sorbitol, and ^^C-mannitol standards. 
1 ^  
B. DP2 isolated from the reaction with C-fructose in the absence of 
sucrose (2-a). 
1 k 
C. DP2 isolated from the reaction with C-fructose in the presence of 
sucrose (2-c). 
1L 
D. DP2 isolated from the reaction with C-glucose in the absence of 
sucrose (2-a). 
ik 
E.-H. DP2 to DP^ isolated from the reaction of C-glucose in the 
presence of sucrose (2-c). 
I. DP3 isolated from the reaction of ^^C-REL-maltose in the absence of 
sucrose (2-a). 
J. DPi^ isolated from the reaction of ^^C-REL-maltose in the absence of 
sucrose (2-a). 
K.L.M.N. DPg to DPg isolated from the reaction of ^ ^C-REL-maltose in 
the presence of sucrose (2-c). 
The chromatogram was irrigated in solvent system C. 
sorbitol 
mannitol 
Figure 25. Radioautogram of the G2-dextranase action of 
the Fraction II oligosaccharides (DP3-DP5) 
isolated as products from the acceptor re­
action with i^C-REL-maltose in the presence 
of sucrose 
The chromatogram was irrigated in solvent 
system B. 
116 
Qlc 
11^-
XS- # 
rPfi 
Mk-
Wr % 
0*-
riy 
SM 
'4& 
-OP4 
% 
sil. 1% 
M 
117 
Table l8. Summary of Gg-dextranase treatment of the labeled 
oligosaccharides obtained from acceptor reactions 
ik 1 If 
with C-maltose and C-glucose 
iL. 
C-oligosaccharides Products 
1. obtained from 
1 If. 
C-maltose 
llf 
C-glucose DP^^ 
DPi^^ 
1L. 
C-maltose 
DP^^ 
ik 
C-glucose 
2. obtained from 
ik 
C-glucose 
1 k 
C-glucose DPa" 
1 k 
C-isomaltose 
DPjb 1 k C-glucose 
^Oligosaccharides obtained from acceptor reactions in 
the absence and presence of sucrose. 
^Oligosaccharides obtained from acceptor reactions in 
the presence of sucrose. 
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products produced from all of the labeled oligosaccharides 
by Gg-dextranase. 
c. Formation of large amounts of Fraction II oligo­
saccharides from maltose acceptor reactions and the deter­
mination of their structure To gain additional evidence 
on the structure of the oligosaccharides obtained as products 
from maltose as the acceptor, large amounts of unlabeled 
oligosaccharides were obtained by incubating 5 U of CSC with 
50 mg/ml maltose in 150 mM sucrose in ^ .5 ml of 20 mM sodium 
acetate, pH 5* After 2^ hours, the resulting oligosacchar­
ide were purified by preparative paper chromatography as 
described in the Methods section. Each oligosaccharides 
obtained (DP^-DP^) was treated with Gg-dextranase as follows. 
Gg-dextranase was incubated with 0.5-^ mg of the oligosac­
charide in 1 ml of 20 mM sodium acetate, pH 5« After 10, 30, 
and 60 minutes of reaction at 37®C, O.3 ml aliquots were with­
drawn and concentrated to dryness and redissolved in 0.05 ml 
of distilled water. The entire 0.05 ml samples were then 
chromatographed using solvent system A. Figure 26A shows 
the results with DP^ and DP^^, and Figure 26B shows the re­
sults with DP^ and DP^. Table 19 summarizes the products 
obtained by Gg-dextranase treatment of each oligosaccharide. 
The oligosaccharides were also subjected to partial acid 
hydrolysis by the procedure described in the Methods section. 
The hydrolysates were concentrated to dryness and redissolved 
Figure 26A. Paper chromatogram of the G2-dextranase action 
on the DP, and DPr acceptor products from 
maltose ^ 
IMD std. = Isomaltodextrin standards. 
Acceptor Products = Products of the action of 
dextransucrase on sucrose and maltose. 
Leu std. = Leucrose standard. 
The chromatogram was irrigated in solvents 
system A. 
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Figure 26B. Paper chromatogram of the G^-dextranase action 
on the DP^ and DP/ acceptor products from 
maltose 
IMD std. = Isomaltodextrin standards. 
Acceptor Products = Products obtained from 
the action of dextransucrase on sucrose and 
maltose. 
Leu std. = Leucrose standard. 
The chromatogram was irrigated in solvent 
system A. 
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Table 19» Summary of Gp-dextranase hydrolysis of maltose 
acceptor products 
Oligosaccharide • Products 
DP3 isomaltose and glucose 
DÏV isomaltose and maltose 
DPj isomaltose, glucose, and DP3 
»P6 isomaltose, maltose, and DiV 
in 0.05 ml of distilled water. The entire 0.05 ml samples 
were chromatographed using solvent system A. The results are 
shown in Figure 27 and summarized in Table 20. 
Table 20. Summary of the products obtained upon partial acid 
hydrolysis of the maltose reaction oligosaccharide 
products 
Oligosaccharide Products 
DP3 glucose, isomaltose, and maltose 
DP^ glucose, isomaltose, isomaltotriose, malt­
ose, and DPg 
DPj glucose, isomaltose, isomaltotoriose, iso-
maltotetraose, maltose, DP^, and DPj^ 
"^6 glucose, isomaltose, isomaltotriose, iso-
maltoteiraose, isomaltopentaose, maltose, 
DPg, DPi^, and DP^ 
Figure 27. Paper chromatogram of the partial acid hy-
drolysates of DP3-DP5 obtained from the ac­
ceptor reaction with maltose in the presence 
of sucrose 
IMD std. = Isomaltodextrin standard. 
Acceptor Products = Products obtained from 
the action of dextransucrase on sucrose and 
maltose. 
The chromatogram was irrigated in solvent 
system A. 
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Studies on Fraction I 
a. NaBHij reduction and total acid hydrolysis of Frac­
tion I Portions of all the Fraction I products obtained 
from the three labeled acceptors in the absence (2-a) and 
presence (2-c) of sucrose were subjected to reduction with 
NaBHj^ and total acid hydrolysis with TFA as described in the 
Methods section. The hydrolysates were concentrated to 0.1 
ml and this entire amount was chromatographed on a 2 x 56 cm 
paper strips using solvent system C. The strips were scanned 
for radioactivity as described in the Methods section. All 
of the label in Fraction I from all three acceptors was found 
to be nonreducible, i.e., no labeled sorbitol or mannitol was 
obtained, just labeled fructose or glucose. Carrying out the 
reactions in 1 N NaOH or 60^ DM80 gave similar results. 
b. Endo-dextranase treatment of Fraction I Fraction 
I material (0.1 ml, 200-500 cpm) from all three acceptors was 
treated with 0.1 ml of dextranase S (11 U/ml). The reactions 
were carried out in 20 mM sodium acetate, pH 5, for 24 hours 
at 37°C. After 24 hours, the reaction mixtures were concen­
trated to dryness and redissolved in 0.1 ml of distilled 
water. The entire 0.1 ml samples were chromatographed on 2 
X 56 cm strips of paper which were irrigated in solvent sys­
tem A. Radioactivity on the strips was determined as de­
scribed in the Methods section. Figure 28 shows the results 
of endo-dextranase treatment of Fraction I from acceptor 
Figure 28. Dextranase S action on Fraction I products 
(A) Paper chromatography of the dextranase, S action on Fraction 
I obtained from an acceptor reaction with l^C-glucose in the ab­
sence of sucrose (2-a). 
(B) Paper chromatography of the dextranase, S action on Fraction 
I obtained from an acceptor reaction with l^C-REL-maltose in the 
presence of sucrose (2-c). 
The migration positions of isomaltose (IM) and glucose (G) are 
shown. 
The chromatography was carried out on 2 x 56 cm paper strips 
using solvent system A. The strips were sectioned into equal 
1.5 cm pieces from the origin to the end of the paper and each 
piece was subjected to liquid scintillation counting. 
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lli. ill. 
reactions with C-glucose and C-REL-maltose. Similar re­
sults were obtained with Fraction I obtained from reactions 
in the absence and presence of sucrose. Dextranase treat-
iii. 
ment of Fraction I derived from C-fructose acceptor reac-
ILl 
tions gave results very similar to those shown for C-
maltose in Figure 28, with only a small amount of the radio­
activity moving off the origin, but still not significantly 
away from the origin. 
c. NaBHij reduction and total acid hydrolysis of the 
fractions obtained from endo-dextranase treatment of Frac­
tion I Fraction I (1ml, 2000-5000 cpm) from all three 
labeled acceptors was incubated with dextranase S (O.3 ml, 
11 U/ml) for 30 hours at 37®C. The labeled products were 
isolated by preparative paper chromatography as described 
in the Methods section. Fraction I derived from acceptor 
ill. ik 
reactions with C-fructose and C-maltose gave only one 
product, which migrated just off the origin of the paper 
chromatograms. This material was referred as HMW. Fraction 
ill. 
I obtained by acceptor reactions with C-glucose gave two 
products (Figure 28). One product was a disaccharide and 
migrated on paper chromatography and paper electrophoresis 
with isomaltose. The other product was similar to the HMW 
obtained with labeled fructose and maltose. Samples of HMW 
and the labeled disaccharide were reduced with NaBH^^ and 
subjected to total acid hydrolysis as described in the 
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Methods section. The hydrolysates were concentrated to 
dryness and redissolved in 0.1 ml of distilled water. The 
entire 0.1 ml samples were chromatographed on 2 x 56 cm paper 
strips using solvent system C. The strips were scanned for 
radioactivity as described in the Methods section. Figure 
29 shows the results for the labeled disaccharide obtained 
ik 
by dextranase treatment of Fraction I from a C-glucose 
acceptor reaction and for the HMW obtained from dextranase 
treatment of Fraction I derived from acceptor reactions with 
C-fructose. 
d. G^-^^G^tranase treatment of Fraction I Fraction I 
(0.1 ml, 200-500 cpm) derived from all three acceptors in re­
actions in the absence and presence of sucrose, was treated 
with Gg-^GXtranase (0.1 nZ., 0.C2 U) for 2k hours at 37^0. 
The labeled products produced were examined by the exact 
procedure described for the dextranase S treatment of Frac­
tion I. G2-dextranase treatment did not produce any labeled 
low molecular weight products (e.g., isomaltose) and did not 
remove any significant label from the origins of the paper 
strips. 
Figure 29. Reduction and hydrolysis of products derived from dextranase S 
action on Fraction I 
1 L. 
(A) Paper chromatography of reduced and acid hydrolyzed C-
disaccharide (isomaltose) obtained from dextranase S action on 
Fraction I obtained from l^C-glucose acceptor reactions (see 
Figure 28A). 
1L 
(B) Paper chromatogram of reduced and acid hydrolyzed, C-HMW 
obtained from dextranase S action on Fraction I from l^C-
fructose acceptor reactions. 
The migration positions of glucose, fructose, mannitol and 
sorbitol are marked on the Figure. 
The chromatography was carried out on 2 x 56 cm paper strips 
using solvent system C. The strips were sectioned into equal 
1.5" cm pieces and subjected to liquid scintillation counting. 
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V. DISCUSSION 
A. Production of Dextransucrase 
The production of dextransucrase from cultures of L. 
mesenteroides B-512 was found to be stimulated by calcium. 
Figure 5 shows growth curves for the organism in the ab­
sence (Figure 5A) and the presence (Figure $5) of 0.0$# 
(w/v) CaClg. Dextransucrase levels were stimulated approxi­
mately two fold in the presence of this concentration of 
CaClg, while fructansucrase levels were not affected. The 
addition of calcium also had no affect on cell growth as 
shown by the fact the increase in culture turbidity (a 
measure of cell number) and acid production (pH) were not 
changed. Dextransucrase was not produced until the organism 
is leaving the log phase and entering the stationary phase. 
At this point the enzyme was produced very quickly, and 
dextransucrase levels reach a maximum level about 3 hours 
after the initiation of production. This level was maintained 
for at least 12 hours. The growth curves are very similar 
to those found by others (20, 21). The effect of various 
levels of CaClg added to the medium (Figure 6) shows that 
dextransucrase was stimulated 1.5-2 fold at CaClg concentra­
tions of 0.001-0.1# (w/v). CaClg levels above 0.1# (w/v) de­
crease the production of caxtransucrase. CaClg levels above 
0.2# (w/v) adversely affect the growth of the organism. 
13^ 
This is probably due to the formation of insoluble calcium 
phosphate in the medium with the consequent removal of es­
sential phosphate. Fructansucrase levels were not affected 
by CaClg until the concentration reached 0.05# (w/v). At 
CaClg concentrations of 0.05-0.$# (w/v) fructansucrase was 
stimulated 2.5-3 fold. Thus, for the optimum production of 
dextransucrase, 0.005# (w/v) CaClg was chosen as the best 
concentration of CaClg in the culture medium. At this con­
centration, dextransucrase production is fully stimulated, 
and levansucrase production is not stimulated. Neely (22) 
has also reported that 0.001# (w/v) CaClg stimulated dex­
transucrase production 1.5-2 fold. A problem was observed 
in the production of the enzyme in that the final levels of 
dextransucrase varied between 0.5 and 5 U/ml by different 
lyophil samples of L. mesenteroides B-512. Subculturing of 
the organism inoculated from a particular lyophilized sample 
had no affect on the dextransucrase levels. No explanation 
could be found for the variance of dextransucrase levels pro­
duced from different lyophilized samples of apparently the 
same culture. While dextransucrase levels varied in this 
range, the protein content of the culture supernatant did 
not. Consequently, determination of specific activities is 
somewhat difficult to use as a judge of enzyme purification 
because of the variation of dextransucrase levels. Regard­
less of the amount of dextransucrase produced, the purifica­
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tion factors (fold purification, see Table 4) for the pur­
ification of dextransucrase were always the same from 
lyophil to lyophil. 
The identity of the fructan produced by L. mesenteroides 
B-512 was examined by partial acid hydrolysis and reaction 
with ConA. Figure 7 shows a paper chromatogram of the par­
tial acid hydrolysate of the B-512 fructan produced from 
raffinose. Paper chromatography of the hydrolysate of the 
^^C-fructan produced from ^ ^C-sucrose-[(U)-fructose] is 
shown in Figure 8. These experiments show that only levan 
oligosaccharides are produced. Both experiments, thus, give 
strong evidence that the fructan produced from raffinose and 
sucrose are identical and that it is a levan. Goldstein and 
So (132) have shown that levans react with ConA and that 
inulin does not. Figure 9 shows that the B-512 fructan and 
levan from A. aerogenes react with ConA, while inulin and 
B-512 dextran do not. The results of Figures 7, 8, and 9 
clearly demonstrate that L. mesenteroides B-512 makes a 
levan. This also shows that the fructansucrase produced is 
a levansucrase. Although L. mesenteroides B-512 has been 
reported to produce a levan (15, 20, 24-26), this is the 
first definitive data to prove it. 
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B. Purification of Dextransucrase 
In order to carry out certain mechanistic studies on 
dextransucrase, it appeared necessary to purify it from con­
taminating enzymatic activities which act on sucrose or 
dextran. The culture supernatant and culture supernatant 
concentrate (CSC) contained a levansucrase, and small amounts 
of a dextranase, levanase, and sucrose phosphorylase (see 
Figure 12). Ebert and Schenk (^5) reported the purification 
of the dextransucrase from this organism to an apparently 
very high state of purity; but their procedure is not well 
described and it resulted in the formation of active in­
soluble precipitates. Other than this report, no one has 
sufficiently purified this dextransucrase. Attempts to pur­
ify the enzyme in the present study started by using tech­
niques that were effective in the purification of dextran-
sucrases from other organisms, e.g., the use of ammonium 
sulfate, hydroxylapatite, DEAE-cellulose, and gel filtration 
chromatography. 
Table 2 presents the results of the fractionation of 
dextransucrase in the CSC by (NHj^)2S0i^ precipitation. Ninety 
percent of the dextransucrase activity remained in the 60# 
(NH^)280^ supernatant. A two fold purification of dextran­
sucrase was obtained, but levansucrase was still present, 
Since the ammonium sulfate step gave a very large increase 
in the volume of the dextransucrase solution (25 ml to 85 
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ml) and since the dextransucrase could not be readily pre­
cipitated with 80^ ammonium sulfate, it was decided that 
ammonium sulfate fractionation was of little value in the 
purification of this enzyme. 
Hydroxylapatite chromatography was proven useful in 
purifications of Streptococci dextransucrase (29, 38, 5^). 
When the CSC was applied to Bio-Gel HT and eluted with a 
stepwise gradient of potassium phosphate, five fractions 
containing dextransucrase were obtained. Table 3 shows the 
dextransucrase to levansucrase ratio of these fractions. It 
is apparent that hydroxylapatite did succeed in the partial 
separation of levansucrase and dextransucrase. Levansucrase 
is removed from the hydroxylapatite column at lower phos­
phate concentrations than dextransucrase, although all of 
the fractions still contain both activities. The total yield 
of dextransucrase in the five fractions was only 20^. Be­
cause of the low yield and the dilution of the dextransucrase 
activity in the five fractions, hydroxylapatite chromatography 
was also not a good method for the purification of dextran­
sucrase. 
DEAE-cellulose chromatography has been used successively 
for the purification of dextransucrase from L. mesenteroides 
lAM 1046 and NRRL B-1299 (^, W-50). When the CSC was 
subjected to DEAE-cellulose chromatography, no activity could 
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be eluted from the column, even at very high ionic strengths 
(e.g., 5 M NaCl). The enzyme was found to be tightly bound 
to DEAE-cellulose. Small amounts (10-20JÈ) of the activity 
could be extracted from the DEAE-cellulose with 2M NaCl buf­
fers at pH h or 7. The extracted activity, however, readily 
formed active insoluble precipitates on dialysis. The pre­
cipitates were a highly purified form of dextransucrase, but 
still contained levansucrase. The results of the chroma­
tography of the CSC on AB-cellulose and ECTEOLA-cellulose 
were the same as the results with DEAE-cellulose. Dextran­
sucrase, however, did not bind to the weak anion-exchanger, 
PAB-cell.ulose, or to the cation exchangers, CM-cellulose and 
P-cellulose. These results indicate that dextransucrase is 
negatively charged at pH 5» 
Gel chromatography on Sephadex (46), polyacrylamide (28), 
and agarose (28, 55) has been used in the purification of 
dextransucrase from various sources. Mien the CSC was 
chromatographed on Bio-Gel P-150 and P-300, both the dextran­
sucrase and levansucrase activities migrated at the void vol­
umes of these columns. Dextransucrase and levansucrase also 
migrated at the void volumes of Bio-Gel A-0.5m, A-1.5B, 
A-5m, A-l5m, A-50m, and A-l50m (Figure 10). This property 
indicated that both dextransucrase and levansucrase apparently 
have very high molecular weights or existed as very high 
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molecular weight aggregates (e.g., the exclusion limit of 
Bio-Gel A-l50m is 150 million daltons). Chromatography of 
the CSC on these agarose columns results in an approximately 
120 fold purification (from the culture supernatant), but 
does not remove the levansucrase. 
Enzymes having molecular weights over 150 million daltons 
are very unusual. Since the organism must be grown on sucrose 
to induce the production of dextransucrase, the CSC contains 
a large amount of dextran. It was felt that the high molec­
ular weight of the enzyme might be due to the formation of a 
complex with dextran. To test this, the CSC was subjected to 
a dextranase treatment. The elution profile of the dextranase 
treated CSC on Bio-Gel A-5m (Figure IIB) shows that the 
dextransucrase activity was retarded on Bio-Gel A-5m, while 
the levansucrase activity still migrated at the void volume. 
The dextranase treatment and the chromatography on Bio-Gel 
A-5m accomplished the separation of dextransucrase activity 
from levansucrase activity. Because the added dextranase 
is retarded on the A-5m to a greater extent than dextran­
sucrase, it is also removed and dextransucrase is purified 
2^0 fold to 53 U/mg. The vast reduction in the molecular 
weight of the dextransucrase upon dextranase treatment indi­
cates that dextransucrase in the CSC is in a high molecular 
weight form because of complex formation with dextran. Hehre 
(69) reported that dextran was an integral part of dextran-
lifO 
sucrase because antisera against dextran precipitated 90jJ 
of the dextransucrase activity. The dextransucrase peak in 
Figure IIB shows some heterogeneity. This could be due to 
small amounts of the enzyme still complexed with dextran or 
to isozymic forms of dextransucrase. Dextransucrase from L. 
mesenteroides B-1299 has been found to occur in isozymic 
forms (48-^0), which consist of different states of aggrega­
tion of a monomer. 
Table 4- shows the data for the purification of the cul­
ture supernatant to the A-5m concentrate (dextransucrase ob­
tained from the dextranase treatment of the CSC). A 2^0 
fold purification of dextransucrase is obtained by the con­
centration and dextranase treatment procedure, with a dextran­
sucrase yield of about 33#. Almost 99.9# of the protein and 
Qk-% of the carbohydrate originally contained in the culture 
supernatant has been removed by this procedure. It should be 
noted that a 4-3 fold purification is obtained on concentra­
tion of the culture supernatant to the CSC on the Bio-Fiber 
80 miniplant. The miniplant has a molecular weight cut off 
of 30,000 daltons. Apparently a large portion of the protein 
in the culture supernatant has a molecular weight of lower 
than 30,000 daltons. One of the most important aspects of 
the dextranase treatment is that levansucrase is completely 
removed from the dextransucrase. This is believed to be the 
first time anyone has successfully removed levansucrase from 
Ikl 
dextransucrase. Scales et al. (28) could not change the 
dextransucrase to levansucrase ratio during purification of 
the dextransucrase from S. mutans FAl. Tsuchiya (25), be­
cause of the failure to remove levansucrase from dextran­
sucrase in work on L. mesenteroides B-512, suggested that 
maybe dextransucrase itself contained the transfructosyla-
tion activity. With the dextranase treatment results this 
point has been proven to be false. TheA-5m concentrate mi­
grates very close to the void volume of Bio-Gel A-0. 
columns, indicating that the A-5m concentrate has a molecu­
lar weight of close to but less than 500,000 daltons. 
The dextranase used was the protease free P. funiculosum 
endo-dextranase purchased from Sigma. The CSC was treated 
with the dextranase while being dialyzed against 20 mM sodium 
acetate, 3 mM CaClg, pH 5* Conducting the reaction under 
dialysis helped to shift the degradation of dextran toward 
completion, since the low molecular weight products from the 
dextranase treatment are constantly being removed. Care must 
be taken in pooling the A-5m fractions containing dextran­
sucrase after dextranase treatment, because it is very easy 
to contaminate the A-5m concentrate with levansucrase from 
the void volume or with the P. funiculosum dextranase, which 
is retarded more on A-5m than the dextransucrase. Discussion 
of the other contaminating activities is contained in the 
next section. The dextranase treatment of CSC and chroma-
lh2 
tography on Bio-Gel A-$m provides a relatively easy method 
for obtaining dextransucrase in a highly purified form. 
C. Properties of Dextransucrase 
A comparison of the action of the A-5m concentrate and 
the CSC on raffinose, isomaltotetraose, and dextran is shown 
in Figure 12. The important point is that the A-5m concen­
trate, in contrast with the CSC, has no action on raffinose, 
isomaltotetraose, or dextran, showing that all the contam­
inating activities have been removed from the A-5m concen­
trate by the dextranase treatment. The production of 
galactose, glucose, fructose, and melibiose by the action 
of CSC on raffinose are indications of the presence of a 
galactosidase, levansucrase, and possibly a levanase. The 
CSC also hydrolyzes isomaltotetraose and dextran, evidence 
that a dextranase and maybe a glucosidase are present. The 
fructose produced by the CSC action upon dextran is probably 
due to the hydrolysis of a contaminating levan in the dextran 
by a levanase. All contaminating enzymatic activities which 
act upon dextran, sucrose, levan, and isomaltodextrins have 
been removed by the dextranase treatment of the CSC (Figure 
IIB). 
Figure 13 shows the time course of the reaction of the 
A-5m concentrate on ^ ^C-(U)-sucrose. The production of 
fructose and dextran are colinear for up to 4- hours. This 
1^3 
is important, since the dextransucrase assays used in this 
investigation measured the amount of dextran formed, but the 
dextransucrase activity was expressed as the amount of fruc­
tose released. Table 5 gives a summary of the distribution 
of products formed by dextransucrase at various stages of 
purification, after all the sucrose had been utilized. The 
experiments were performed similarly to the experiment shown 
1 L. 
in Figure 13. Apparently the C-sucrose used for these ex­
periments was not uniformly labeled, because all of the en­
zyme fractions tested in Table 5 ended up producing products 
containing about ^2$ fructose and 48^ glucose. The fact that 
the sucrose may not be uniformly labeled does not affect the 
purpose of the experiment, which was to determine the amount 
of glucose produced by each enzyme fraction after the sucrose 
had been depleted. The A-^m concentrate produces only 0. 
glucose, whereas the enzyme fractions still containing levan-
sucrase and dextranase produce 1.5-2.9# glucose. The means 
by which the glucose is produced by the A-^m concentrate is 
not known. It may be due to traces of contaminating levan-
sucrase or dextranase which cannot be detected, or it may be 
due to hydrolysis of a glucosyl enzyme complex as suggested 
by Forsythe and Webley (76). The data in Figure 12 and 13, 
and Table 5 show that the contaminating activities present 
in the CSC have been removed by dextranase treatment. 
Table 6 shows the effect of chelating agents on the A-5m 
iMf 
concentrate. EDTA is an inhibitor of dextransucrase, while 
EGTA is not. Relatively high EDTA (25 mM) concentrations are 
necessary for 50/? inhibition. Table 7 shows the effect of 
divalent metal ions on the A-5m concentrate. No metal ion 
displays any activation, while Sr"^^, Ni"^^, Cd"'"^, Zn^^, Fe"*"^, 
Hg"*"^, Pb^^, and are inhibitors to some degree. The 
heavy metals (copper, mercury, and lead) completely abolish 
dextransucrase activity at low concentrations (1 mM). The 
inhibition by zinc is unusual. Neely (22) has reported that 
zinc stimulated dextransucrase production, although it was 
not as effective as calcium. Table 8 shows the effect of 
divalent metal ions on EDTA treated A-5in concentrate. The 
final assay mixture contained 5 niM metal ion and EDTA. The 
results show that Ca is the only ion to fully reverse the 
inhibition of EDTA. Zinc, cobalt, nickel, cadmium and fer­
rous ions give complete inhibition in the presence of the 
EDTA. Table 9 shows the effect of divalent metal ions on 
the EDTA treated A-5ni concentrate, after removal of the EDTA 
by dialysis. This data is very similar to the data for the 
metal ion affect on the untreated enzyme shown in Table 7. 
The EDTA and metal ion data is believed to suggest that 
dextransucrase is a calcium metalloenzyme. The poor inhibi­
tion by EDTA and the lack of inhibition by EGTA may 
be due to the fact that these two chelating agents are not 
very good chelators at pH 5* If the formation constants for 
1^+5 
the calcium-chelator complexes of EDTA and EGTA at pH 5, are 
calculated, it is found that the EDTA complex has a forma-
L p 
tion constant of 10 and that the EGTA complex has a forma-
p *7 
tion constant of 10 (134). For good chelation, a forma-
Q 
tion constant should be at least 10 (135) • The low forma­
tion constants for the EDTA and EGTA calcium complexes are 
the possible reasons why the chelating agents are not potent 
inhibitors if the enzyme is indeed a calcium metalloenzyme. 
Dextransucrase from L. mesenteroides JAM 1046 has also been 
shown to be a calcium metalloenzyme (72). 
Table 10 shows that dextran has no affect on the activ­
ity of the A-5m concentrate. After removal of the dextran 
by the dextranase treatment, one might expect dextran to 
stimulate the enzyme. Dextran stimulation of the dextran­
sucrase from S. mutans 6715 has been reported (29). 
In handling preparations of the A-5m concentrate, it 
was noticed that it was losing activity during storage 
(aging). To investigate this phenomenon, the A-5m concentrate 
was stored at -15°C (frozen) and 4*0. The stability of the 
A-5m concentrate stored in 4 mg/ml dextran or 25/^ (v/v) 
glycerol was also studied. The results are shown in Figure 
14-. The enzyme is unstable when stored at either temperature 
in the absence and presence of glycerol. Dextran, however, 
stabilizes the enzyme from loss of activity upon aging. 
Storage at -15° appears to be better than storage at 4®C. 
ihe 
Table 11 shows the results of storage of the concentrate 
in varying concentrations of dextran. The higher the dextran 
concentration, the better the protection was against loss of 
activity with time. The loss of activity in the dextran 
stored samples was not caused by freezing and thawing because 
a sample of the A-5m concentrate that had been stored in 4 
mg/ml dextran for 32 days and had only been thawed once, had 
the same activity as a similar sample of A-^m concentrate 
that had been frozen and thawed ten times. Figure 15 shows 
the Bio-Gel A-l^m elution profiles of the A-^m concentrate 
which had been stored (frozen) in the absence (Figure 15A) 
or the presence of k mg/ml dextran (Figure 15B) for nine 
days. Both samples migrated at the void volumes of the col­
umns. This indicates that dextransucrase had aggregated. 
The A-5in concentrate when freshly isolated was retarded on 
Bio-Gel A-5m (Figure IIB). Dextransucrase in the CSC is a 
high molecular weight complex with dextran and it was thought 
that possibly dextran was the cause of the reaggregation of 
the A-5m concentrate. The A-5m concentrate which was stored 
in the absence of added dextran also aggregated, so possibly 
this indicated that the A-^m concentrate still contained some 
dextran. This possibility seemed likely because of the high 
carbohydrate content of the A-5in concentrate. If this carbo­
hydrate is dextran it would probably explain the aggregation 
of the enzyme stored in the absence of dextran. It should be 
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noted, however, that the activity of the dextransucrase 
stored in the absence of added dextran was much less than 
the activity of the enzyme stored in the presence of added 
dextran. Examination of the carbohydrate in the A-^m con­
centrate by partial acid and total acid hydrolysis is shown 
in Figure 16. It is surprising that the main sugar in the 
A-5m concentrate is mannose and not glucose. Small amounts 
of glucose and galactose are also present. Thus, there is 
not much dextran present in the preparation even if all the 
glucose came from dextran, which is unlikely since the par­
tial acid hydrolysis is identical to the total acid hy­
drolysis result. If dextran were present, isomaltodextrins 
would be expected from the partial acid hydrolysis. There 
must be a mechanism other than complex formation with dextran 
in operation for the aggregation of the enzyme. The dextran­
sucrase from L. mesenteroides B-1299 has been shown to exist 
in various stages of aggregation of a monomeric subunit (50). 
Table 12 shows that ConA reacts with the concen­
trate, resulting in the precipitation of the dextransucrase 
activity. ConA is known to react strongly with polysac­
charides and glycoproteins that contain a-D-mannosyl units 
(136). If dextransucrase is a glycoprotein to which ConA 
will bind, further purification of the A-5ni concentrate should 
be possible on ConA-Sepharose columns. ConA formed a 
precipitate with dextransucrase solutions and completely 
Iif8 
removed dextransucrase activity from the solution. Chroma­
tography of the A-5ni concentrate on ConA-Sepharose is shown 
in Figure 17. The result with freshly prepared A-5m con­
centrate with no dextran added is shown in Figure 17A. The 
results with freshly prepared A-5m concentrate in the presence 
of 2 mg/ml dextran is shown in Figure 17B. The amount of 
dextransucrase that binds to the ConA-Sepharose columns and 
is eluted with aMDG is the same from both samples. The dif­
ference in the two samples is the amount of dextransucrase 
that does not bind to the column. In the presence of 
dextran, 88^ of the activity does not bind to the column, 
whereas about 20^ of the activity does not bind in the ab­
sence of dextran. The elution position of the activity not 
binding to the column is also interesting. In the presence 
of dextran, this activity comes off the column in fractions 
3-6, while in the absence of dextran, the activity comes off 
in fractions 8-12. This could indicate that the enzyme in 
the presence of dextran is already aggregating and migrating 
at the void volume of the Sepharose column (ConA-Sepharose 
is Sepharose 6B which is similar to Bio-Gel A-5m). Both 
columns were the same size and no other reason for the dif­
ference in elution positions is apparent. Purification data 
for the fractions isolated from the ConA-Sepharose columns 
run in the absence and presence of dextran are shown in 
Tables 13 and l4, respectively. The small amount of dextran-
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sucrase that was bound to the ConA-Sepharose columns had not 
been purified any further. The dextransucrase that does not 
bind to the ConA-Sepharose in the presence of dextran was 
purified 2 fold in an 88^ yield. The ConA-Sepharose experi­
ments did not turn out as expected, especially in the presence 
of dextran. The e:q)eriment in the absence of dextran prob­
ably did not work well because of the instability of the 
A-5m concentrate in the absence of dextran. The A-5m con­
centrate may not bind to ConA-Sepharose in the presence of 
dextran, because dextran may coat the enzyme, blocking the 
sites of ConA interaction. More work is necessary on the 
ConA interaction before any conclusions can be drawn from 
these experiments. 
Examination of the polysaccharide produced by the A-5m 
concentrate by partial and total acid hydrolysis and dextran-
ase treatment shows that the enzyme is making a branched 
dextran (Figure l8). Total acid hydrolysis gave only glu­
cose. No fructose, which would be an indication of the pres­
ence of a levan contaminant, was observed. Partial acid hy­
drolysis gave a series of isomaltodextrins. Gg-dextranase 
gave only isomaltose. ICN dextranase gave mainly iso-
maltotriose and isomaltotetraose. Dextranase S gave mainly 
glucose, isomaltose, and a tetrasaccharide. The tetra-
saccharide is assumed to be branched based on its paper 
chromatographic mobility. The structure of the branched 
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tetrasaccharide is assumed to be 3^-0-a-D-.glucopyranosyl 
isomaltotriose. This tetrasaccharide has been isolated from 
digests of the P. funiculosum dextranase acting upon branched 
dextrans (137). 
D. Acceptor Reaction Mechanism of Dextransucrase 
% L 1 L. 
Acceptor reactions with C-REL-maltose, C-glucose, 
ik 
and C-fructose were carried out under the following four 
conditions: Reaction in the absence of sucrose with charged 
enzyme (2-a), reaction in the absence of sucrose with un­
charged enzyme (2-b), reaction with uncharged enzyme in the 
presence of sucrose (2-c) and an acceptor control in the ab­
sence of enzyme (2-d). Figures 19 and 20 show that all of 
the sucrose is removed from the charged enzyme by Bio-Gel 
P-6 chromatography. Figure 21 shows the results of paper 
chromatography of the labeled products obtained from the 
1 k ik 
four reactions with C-REL-maltose. Results with C-
1 k n k 
glucose and C-fructose were very similar except that C-
fructose only gave a labeled disaccharide and not a series 
of oligosaccharides in the presence of sucrose (2-c). Fig­
ure 21A shows that a labeled trisaccharide is obtained in 
1 k 
the acceptor reaction with C-maltose in the absence of 
sucrose with charged enzyme (2-a). This result indicates 
that the acceptor reactions will occur in the absence of 
sucrose. It has been stated that the acceptor reactions 
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would not occur in the absence of sucrose (9)* A small 
amount of the labeled trisaccharide was isolated from reac­
tion 2-b also, although the yield was much lower. Reaction 
2-a with ^^C-glucose and ^^C-fructose was very similar (e.g., 
labeled disaccharides were formed from each). 
Figure 22 shows the elution profiles of Bio-Gel P-6 
ik 
chromatography of the four acceptor reactions with C-
glucose. Two fractions of labeled products were obtained. 
The first, Fraction I, migrated at the void volume of the P-6 
columns and is assumed to be dextran. The second, Fraction 
II, is retarded on Bio-Gel P-6 and consists of the original 
acceptor and any oligosaccharide products. The acceptor con­
trol (2-d) and the acceptor reaction in the absence of 
sucrose with uncharged enzyme (2-b) gave no Fraction I product 
and 2-b gave only a trace of Fraction II product. The re-
lli 1 k 
suits were similar when C-maltose and C-fructose were 
used as the acceptors. Tables 15, 16, and 17 give the yields 
of the Fraction I and Fraction II products from reactions 2-a 
1 If 1 k 1 k 
and 2-c with C-glucose, C-maltose and C-fructose, re­
spectively. Note that the yields are much better in the 
presence of sucrose. 
Figure 23 shows the time course of the production of 
1 k 
labeled oligosaccharides from acceptor reactions with C-REL-
1 k 
maltose and C-fructose in the presence of sucrose. The 
rate at which the labeled oligosaccharides appear and 
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disappear in the reaction with -maltose (Figure 23A) 
suggests that the labeled tetrasaccharide is derived from 
the labeled trisaccharide by the addition of one glucose 
unit, the labeled tetrasaccharide then gives rise to the 
iL. 
labeled pentasaccharide, etc. C-fructose only gives a 
labeled disaccharide which is chromatographically identical 
to leucrose, the known acceptor product from fructose (107, 
108). The lack of formation of higher oligosaccharides when 
fructose is the acceptor suggests that the disaccharide, 
1L. 
leucrose, is a very poor acceptor. C-glucose gives re­
sults similar to the maltose experiment, except the yield 
of oligosaccharides (Fraction II) is much lower (Tables 15, 
16), indicating that glucose is not as effective as maltose 
as an acceptor. 
Individual Fraction II products were purified from re­
actions 2-a and 2-c from all three labeled acceptors. 
Structural studies of these products were made. Figure 30 
shows that the labeled oligosaccharides obtained in reaction 
iL 1L 
2-C with C-maltose and C-glucose are members of a homol­
ogous series of oligosaccharides (138). The oligosaccharides 
obtained from reaction 2-a and 2-c are identical, except only 
the next highest saccharide from the acceptor is obtained in 
reaction 2-a. 
Figure 2h shows a radioautogram of the reduction and 
total acid hydrolysis of all the Fraction II oligosaccharides 
Figure 30. Paper chromatogram mobilities of the Fraction II 
oligosaccharides obtained from acceptor reactions 
with l^C-glucose and ^^C-REL-maltose in the 
presence of sucrose 
• 
R. = mobility with respect to one solvent 
ascent. 
• = oligosaccharides, derived from acceptor 
reactions with l^C-glucose. 
O = oligosaccharides, derived from acceptor 
reactions with l^C-REL-maltose. 
A = glucose. 
Chromatography was carried out on solvent 
system B. 
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obtained from reactions 2-a and 2-c. All of the oligo­
saccharides gave only labeled sorbitol indicating that they 
were all reducing end labeled. The labeled disaccharide 
1 k 
obtained from C-fructose reactions gave, as would be ex­
pected for reducing end labeled saccharides, labeled sorbitol 
and mannitol on reduction and hydrolysis. 
Gg-dextranase was chosen to study the structures of the 
1 k 
Fraction II products obtained from reactions with C-maltose 
and ^^C-glucose, because a general idea of the structure was 
known (9, 87, 110), and because Gg-dextranase has the ability 
to hydrolyze linkages other than a-1,6 linkages, if the dif­
ferent linkage is penultimate to the nonreducing end of the 
oligosaccharide and if the nonreducing terminal glucose unit 
is attached to the next glucose through an a-l,6 linkage 
(113, 139). Figure 25 and Table 18 illustrate the re-
1 k 
suits when the C-oligosaccharides from the glucose and 
maltose acceptor reactions are treated with Gg-dextranase. 
Figure 26 and Table 19 illustrate the action of G2-dextran-
ase hydrolysis of unlabeled oligosaccharides obtained from 
the acceptor reaction of unlabeled maltose with sucrose. 
Figure 28 and Table 20 illustrate the results of partial acid 
hydrolysis of the oligosaccharides obtained in the acceptor 
reaction with unlabeled maltose and sucrose. With the above 
data and the fact that all the labeled oligosaccharides are 
reducing end labeled, the structures of the maltose acceptor 
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products are concluded to be ^ -O-a-D-isomaltodextrinyl-D-
glucoses and the structures of the glucose acceptor products 
are concluded to be isomaltodextrins. The glucose products 
had been previously shown to be isomaltodextrins C9), and 
the trisaccharide from the maltose reactions has been shown 
to be panose (V-O-a-D-isomaltosyl-D-glucose) (110). The 
higher oligosaccharides had been proposed to be members of 
the 4-0-a-D-isomaltodextrinyl-D-glucose family, but had not 
been proven (87, 110). Figure 31 gives a summary of the 
structures of the glucose and maltose acceptor reaction 
products and show how Gg-dextranase hydrolyzes them. 
The label in the Fraction I products was found to be 
nonreducible with sodium borohydride. Endo-dextranase treat­
ment of the Fraction I products from reactions 2-a and 2-c is 
shown in Figure 28. Dextranase treatment of Fraction I from 
1 L. 
C-glucose reactions gave a labeled disaccharide, which is 
chromatographically identical to isomaltose, and labeled high 
molecular weight material (HMW) that only slightly moves off 
ik 
the origin of the paper chromatogram. Fraction I from C-
1 il. 
fructose and C-maltose reactions only gave labeled HMW. 
The HMW material has a lower molecular weight than the orig­
inal Fraction I material, because the label runs slightly 
off the origin of the paper chromatography. The labeled 
disaccharide and all the HMW material obtained from the 
dextranase treatments were isolated and subjected to 
Figure 31. The structures of the Fraction II oligosac­
charides obtained, from acceptor reactions with 
-glueose and l^C-REL-maltose and the G2-
dextranase action expected on the oligosac­
charides 
(A) -glucose products. 
(B) C-REL-maltose products. 
0 = a glucose unit. 
• = a labeled glucose unit. 
~ a. reducing glucose unit. 
= two glucose units linked by an a-1,6 
glucosidic bond. 
0-0 = two glucose units linked by an a-l,V 
glucosidic bond. 
^ = Gg-dextranase hydrolysis points. 
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A. Glucose acceptor products 
B. Maltose acceptor products 
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reduction with and total acid hydrolysis. The results 
are shown in Figure 29. All of the products obtained from 
dextranase treatment of all Fraction I products were reduc­
ing end labeled. It is hard to imagine how a dextranase 
treatment can yield exclusively reducing end labeled products 
from a labeled dextran (Fraction I), in which the label is 
originally in a nonreducible position. For this reason, it 
is felt that the Fraction I products are reducing end labeled, 
but for some reason the reducing end is buried in the dextran 
secondary structure and unavailable for reaction with NaBH^^. 
The isolation of reducing end labeled isomaltose also indi-
cates that the C-glucose acceptor is getting into Fraction 
I at the reducing end of a dextran chain through an a-1,6 
linkage. 
Figure 32 shows a proposed mechanism for the acceptor 
reaction. The mechanism involves a nucleophilic attack by 
a hydroxyl group of the acceptor (e.g., C^-OH for glucose 
and maltose, C^-OH for fructose) onto of glucose or 
dextran which exist as glucosyl and dextranosyl complexes 
with the enzyme. Fraction I products are obtained by the 
nucleophilic displacement of the dextranosyl complex by the 
acceptor and the next higher homologue Fraction II product 
is formed by a nucleophilic displacement of the glucosyl 
enzyme complex by the acceptor. This mechanism explains 
the production of a labeled oligosaccharide containing one 
TH /
r-Xi 
+ 
#-o 
#OfD]p 
Figure 32. Proposed acceptor reaction mechanism for charged dextransucrase 
in the absence of sucrose 
Xi and X2 represent nucleophilic groups at the active site of 
the enzyme, O represents a glucose unit. O—O represents 
two glucose units linked by an a-1,6 glucosidic bond, and 
0 represents ^^C-glucose (the acceptor). 
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more glucose unit than the original labeled acceptor in the 
absence of sucrose with charged enzyme. The mechanism is 
also consistent with the mechanisms proposed by Robyt et al. 
(5) and Robyt and Tanlguchi (6) for the synthesis of dextran 
and the formation of branch linkages, respectively (Figures 
3 and 4-). The mechanism also provides a means for the 
termination of dextran chain polymerization through the 
acceptor reactions. 
Walker (83) synthesized nonreducing end labeled iso-
maltodextrins from the action of dextransucrase on C-
sucrose and unlabeled isomaltose. She suggested that the 
label pattern in the isomaltodextrins is evidence for the 
synthesis of dextran from the nonreducing end. This would 
be in direct conflict with the mechanisms shown in Figures 
3, and 32. Figure 33 shows how the proposed mechanism 
in Figure 32 can account for the synthesis of nonreducing 
end labeled isomaltodextrins by acceptor reactions. 
r-X.e 
•Xg® 1 
7 
HÔ 
—Xo® 
Figure 33» Mechanism for the formation of nonreducing end labeled isomalto-
dextrins by acceptor reactions 
Xi and X2 represent nucleophilic groups at the active site, # 
represents l4C-glucose, -4 represents l^C-fructose, *4 
represents l^C-sucrose, represents isomaltose, 
represents nonreducing end labeled isomaltotriose. 
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VI. SUMMARY 
1. Dextransucrase production from L. mes enter oides NRRL 
B-512 was found to be stimulated 1.5-2 fold by the 
addition of 0.001-0.1# (w/v) CaClg to the culture 
medium. Levansucrase was only affected by CaClg at 
levels above 0.1# (w/v). A CaClg concentration of 
0.005# (w/v) was chosen for the growth of the organism. 
2. The fructan produced by L. mesenteroides B-512 was 
shown to be a levan by partial acid hydrolysis and 
reaction with concanavalin A. 
3. Dextransucrase in the culture supernatant or the culture 
supernatant concentrate was found to migrate at the 
void volumes of Bio-Gel A series colurais, indicating 
dextransucrase had a very high molecular weight or was 
part of a complex which had a very high molecular 
weight. 
4. Dextransucrase was purified 2^0 fold and contaminating 
activities of levansucrase, dextranase, levanase, sucrose 
phosphorylase, and glycosidases from a concentrate of 
the culture supernatant were removed by dextranase 
treatment followed by chromatography over Bio-Gel A-5ni. 
The dextranase treatment greatly reduced the molecular 
weight of the enzyme, indicating that the enzyme was 
originally involved in a high molecular weight complex 
with dextran. 
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The purified dextransucrase was found to be a calcium 
+2 
metalloenzyme. EDTA inhibits the enzyme and only Ca 
restores the activity. Zn"^^, Fe"*"^, Pb"*"^, and 
+2 
Cu were found to be inhibitors of the enzyme. 
The purified enzyme lost activity upon storage (aging). 
Dextran was found to stabilize the enzyme, although it 
did not stimulate dextransucrase activity. Upon stor­
age in the absence or presence of dextran, the purified 
dextransucrase was found to reaggregate to a high 
molecular weight form. It could not be discerned 
whether dextran was involved in the aggregation. 
The acceptor reactions were found to occur in the ab­
sence of sucrose with charged enzyme. This was strong 
evidence that covalent glucosyl and dextranosyl com­
plexes exist during the formation of dextran by dextran­
sucrase. A mechanism is proposed for the acceptor re­
actions which involves a nucleophilic attack by the ac­
ceptor on the glucosyl and dextranosyl complexes. 
The oligosaccharide products from the acceptor reactions 
iL 
with glucose, maltose, and fructose were examined. C-
fructose gave labeled leucrose as the sole product in 
ik 
the absence and presence of sucrose. C-REL-maltose 
gave a homologous series of reducing end labeled if-O-a-
1L. 
D-isomaltodextrinyl-D-glucoses. C-glucose gave a 
167 
homologous series of reducing end labeled isomalto-
dextrins. Only the labeled trisaccharide and labeled 
1 li. 1 it 
disaccharide were obtained with C-maltose and C-
glucose in the absence of sucrose, respectively. 
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